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ABSTRACT

This document was an evaluation of a specific methodology (see
Appendix F) for attempting to predict performance of Ordnance self-
propelled vehicles in selected world environments using presently avail-
able vehicle test data and world geographical data as inputs. Vehicles
selected for evaluation were: tank, 90mm gun, full-tracked, M48;
carrier, personnel, armored, full-tracked, M113; truck, cargo, Z-1/Z-
ton, M35; and carrier, light weapons, infantry, 4 X 4, M274. The South
Asian desert was the geographical area used in the evaluation.

General performance limits of a vehicle can be plotted for a given
area. However, the degree of reliability of these plots is severely limited
by the lack of definitive data relating vehicle performance to precise soil
and terrain definitions. Suggestions were given for improving the system.
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I. INTRODUCTION

A. Statement of the Problem

The U. S. Army has long desired the ability to predict the performance
capabilities of its equipment at any specified point of the world. This need
has been particularly acute in areas of severe environmental extremes.

Presently, Army regulations define the design requirements of all

equipment; and to determine whether any item can meet these design require-
ments, it is tested under a variety of severe terrain and atmospheric condi-
tions. The results of these tests are utilized to make general extrapolations
of how the item would perform in a generalized area of the world during
any specified month or season. Over the years. there have been attempts

to provide aids that would improve the quality of these extrapolations. For
example, the Ordnance Corps Envanal program has endeavored to reduce
the test results into a simplified presentation of the essential test data, as
affected by terrain or environmental conditions. At the same time, the
U. S. Army Quartermaster Corps and the U. S. Army Corps of Engineers
have been conducting studies designed to present the degree of terrain and
climatic analogy between the test sites and other points of the world.

The problem arises as to the reliability of equipment performance

extrapolations, based upon the test results and the environmental analogs.
Can these data provide satisfactory answers, and if not, what changes
should be made to improve the response quality of performance predictions?

It is the purpose of this study to examine equipment environmental
test reports and attempt to predict that equipment's performance capabilities
as described by Envanal charts in a different world environment, utilizing
climatic and terrain analogs developed by the U. S. Army Quartermaster
Corps and the U. S. Army Corps of Engineers.

B. Importance of the Study

World War II and subsequent events changed the defense strategy

of the United States from an intraterritorial concept to an international
concept. As a result, U. S. military forces must be prepared to fight,
at a moment's notice, in any world environment. This shift in strategic
concept has tremendously increased the burden of Army Staff in selecting
the optimum equipment for a given tactical mission in a defined world
environment. The burden is also felt in the area of logistics and supply.



It is natural, then, for continuing effort to be expended in attempting
to extend, for predictive purposes, the results of equipment tests at selected
test sites to anticipated performance capabilities at another point where
similar or perhaps other environmental conditions exist.

This study is an evaluation of data that presently exist,, using a
specific methodology. Its purpose is to highlight areas where further
improvement could be realized in the collecting of data at either the test
site or in describing the world environment, or both. And therein lies
the importance of the study: by attempting to improve upon the cross-link
between the two data gathering systems, it will serve as a basis for redirect-
ing research effort toward increasing equipment performance-prediction
capabilities under any given set of world conditions.

C. Method of Approach

At the outset, it was decided that the program was to be only an
evaluation of methodology (see Appendix F); thus, it was important to
select for study an area of the world upon which a complete set of atmos-
pheric and terrain analogs had been prepared. Too, only representative
types of Ordnance self-propelled equipment would need be considered,
with the requirement, of course, that these vehicles had been subjected
to extensive testing under conditions or in areas included in the available
analogs.

The South Central Asian desert was selected as the geographical
area of study because (1) it has been compared by the analog technique
with Yuma Test Station in both the atmospheric and terrain environments,
and (2) there is a strong possibility the U. S. Army Transportation Corps
will conduct a cross-country operation through the area in the summer,
1963 (Operation Desert Rat).( :1,The Transportation Corps expedition would
provide an ideal means of verifying the conclusions and recommendations
of this study.

The vehicles selected for evaluation were:

(1) Tank, 90mm gun, full-tracked, M48
(2) Carrier, personnel, armored, full-tracked, Ml 13
(3) Truck, cargo,2-l/2 ton, 6 X 6, M35
(4) Carrier, light weapons, infantry, 4 X 4, M274

The M48 tank was chosen to represent the heavy, track-laying
vehicles; the Ml13 personnel carrier was to represent the light track-laying

(')u. S. Army Transportation Board Environmental Operations Program,
Appendix "C". Minutes of Panel on Environmental Research, Army
Committee on Environment. Meeting No. 24, 29-30 August, 1961,
Fort Eustis, Virginia
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vehicles; the M35 cargo truck was to be representative of the high-speed,
wheeled transport vehicles; and the M274 light weapons carrier was chosen
to represent the small, low-ground-pressure wheeled vehicles.

With the geographical area chosen and the vehicles selected, the
study proceeded as follows:

(1) evaluation of atmospheric data of the South Asian desert
and expression of these data in a form permitting correlation
with vehicle performance, based upon test results at Yuma
Test Station;

(2) analysis of terrain data on the South Asian desert and expression

of these data in a form permitting correlation with vehicle
mobility, based upon test results at Yuma Test Station;

(3) plotting by graphic methods the vehicle performance capabilities
as affected by the atmospheric and terrain environments of the
South Asian desert; and

(4) discussing some conclusions of the study and presenting
recommendations on improving the value and reliability of the
system.
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II. ATMOSPHERIC ANALOGS

The purpose of this chapter is (1) to discuss the atmospheric data
contained in equipment test reports, (2) evaluate the atmospheric data
available on the South Asian desert, and (3) finally, to make a correlation
of these data in a manner that is meaningful to prediction of equipment
performance in the South Asian desert.

A. Atmospheric Data Contained in Equipment Test Reports

In the equipment reports examined, atmospheric data were found in
two sections. The first was data recorded at the vehicle during a test
evaluation. Generally, these data were confined to ambient temperatures,
wind speed and direction, and occasionally ground temperatures.

The second type of atmospheric data was a "Summary of Weather
Data," which condensed the readings for the entire summer in varying
forms. A typical summary covered the entire test period and containe'd
the following-

(1) Temperatures

(a) Ambient

(i) Average daily mean (by month)
(ii) Average daily maximum (by month)
(iii) Average daily minimum (by month)
(iv) Number of days with maximum over 100"F (by month)
(v) Number of days with maximum over 105"F (by month)
(vi) Number of days with maximum over 110 "F (by month)
(vii) Maximum for period

(b) Surface Temperatures

(i) Number of days with maximum over 130*F (by month)
(ii) Number of days with maximum over 140*F (by month)

(iii) Maximum for period

(2) Wind

(a) Direction - average (by month)
(b) Velocity - average (by month)
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(3) Cloud Cover

(4) Solar Radiation

(a) Total for month (gin cal/sq cm)
(b) Maximum hourly rate by month (gin cal /sq cm)

(5) Rainfall, inches by month

(6) Comparison with U. S. Weather Bureau Station, Yuma,
Arizona

(a) Mean temperature

(b) Cloud cover
(c) Rainfall

B. Atmospheric Data Available in the South Asian Desert

1. Analogs of Yuma Climate

The main source of atmospheric data was contained in the
report Analogs of Yuma Climate in the South Asian Desert. (2) The study
included ten analogies (maps) between the Yuma climate and the South
Asian desert as follows-

(1) Mean temperature, warmest month
(2) Mean daily maximum temperature, warmest month
(3) Absolute, maximum temperature

(4) Mean daily temperature range, warmest month
(5) Mean temperature, coldest month
(6) Mean daily minimum temperature, coldest month

(7) Mean annual precipitation
(8) Mean dew point, highest month
(9) Mean cloudiness, July
(10) Prevailing wind direction and mean velocity,

July

Evaluation of these types of analogs were, as mentioned in
the Introduction, one of the primary objectives of this study. In this regard,

(2) Robison, Wm C., and Arthur V. Dodd, Analogs of Yuma Climate in
South Central Asia (India, Pakistan, Afghanistan, Iran), HqQM Research
& Development Command, QM Research & Development Center, U S
Army, Natick, Mass. , 7-83-03-008A, June 1955.



6

it was apparent at an early stage that only three of the ten analogs would
be appropriate for use in making equipment prediction evaluations. The
primary reason was that it was impossible to relate the effect of any of
the other seven upon vehicle performance, as revealed in the equipment
test reports. The analog data finally utilized were:

(1) Mean temperature, warmest month
(2) Mean daily maximum temperature, warmest month
(3) Absolute maximum temperature

Despite the fact that only a limited portion of the analog data
was directly translatable to this study, the Quartermaster Corps report
indicated the degree of atmospheric analogy that existed between Yuma
and the South Asian desert. This information would be helpful in predict-
ing performance if it were known that a piece of equipment would absolutely
perform satisfactorily in the Yuma (or similar) climate, and vice versa.
The areas of the Yuma-South Asian desert analogy are as follows:

(1) Extensive areas of South Central Asia have summer
temperatures analogous to Yuma. Only in the
extremely hot Indus Valley of Pakistan and the
interior basins of Iran, and in the perennially cool
mountains of Kashmir, Afghanistan, and northern
Iran are summer temperatures appreciably differ-
ent from those at Yuma.

(2) Mean annual precipitation falls within some degree of
analogy over most of the area.

(3) The combined areas of analogy and semianalogy for
mean July cloudiness are approximately the same as
for mean annual precipitation.

(4) Mean July wind speeds are analogous or semi-
analogous at most of the stations for which values
are available, being too high only at some of the
coastal stations and in the vicinity of the Seistan
Basin near the center of the region.

(5) Summer dew points are analogous in a comparatively
narrow band between the humid regions that are
subject to maritime influence, and the dry highland
regions of Kashmir, Afghanistan, and Iran.
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(6) The greatest coincidence of analogy of combined
climatic elements is in western Baluchistan, as
shown by the records of Panjgur; a similar area
of nearly total. analogy is found in the Indus River
Valley of West Pakistan in the vicinity of Bahawalpur,

The Quartermaster Corps report also pointed out certain other limitations
that exist when dealing with comparisons between the atmospheric environ-
ment of South Central Asia and Yuma:

(1) There is a lack of quantitative data for large parts of
the study region, especially in some of the more arid
portions where conditions are most likely to be
analogous to Yuma

(2) Significant data of some types are not available for
most of South Central Asia Solar radiation, dust
count, visibility, gust velocity, type of cloud, rate
of corrosion, and frequency of sand and dust storms
are among the factors omitted

(3) Data are sometimes not given in a consistent form.
Period of record, hours of observation, and method of
recording data are several of the discrepancies that
were noted

2. Latitude- Longitude Temperature Estimates

Additional. data were obtained from the Quartermaster Corps
and included latitude-.longitude temperature estimates for the country of
Iran At each degree of latitude-longitude intersection, estimates of the
following data have been made for the month of July

(1) Mean daily temperature
(2) Mean daily maximum temperature
(3) Absolute maximum temperature

(4) Mean daily minimum temperature
(5) Absolute minimum temperature

In addition, the lapse rate of mean temperature was obtained
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C. Correl.ation of Test Data with South Asian Desert Data

In attempting to correl.ate the equipment test data with that obtained
on the South Asian desert, it was found that only temperature information
was consistently recorded in both places. Therefore, all. further effort
was directed toward obtaining, or estimating, significant temperature data.

For each station, the following information was considered significant.

(1) Absolute maximum temperature, warmest month (Tmax)(2) Mean daily maximum temperature, warmest month (Tmdm)
(3) Mean daily m utemperature, warmest month ( T

At points where an estimate for any of the above were made, the following
equations were assumed

Interior Areas Coastal Areas

(1) Tmax - TR 3- Tmax -T R  3"

(2) Tmdm TR 1 5a Tmn m -TR 1 550"

Therefore, with any of the two temperatures known, the third
could be easily calculated

The 'urivaticn of the above formulae was obtained experimentally
by examination of data of those reporting stations from which all three
temperature points were known Figure I shows the temperatures used
in the study The highest reading is the absolute maximum temperature
(Tmax), the middle recording is the mean daily maximum temperature
(Tmdm), the lowest reading is the mean daily temperature iTR)

D. Development of Temperature Frequency Distribution Curves

Since all equipment tests attempted to determine the specific tem-
perature at which performance requirements were exceeded, it was
necessary to develop a prediction system from which the frequency of
occurrence of any desired temperature could be determined Too, it was
necessary to make this prediction of temperature occurrence with only
three points given absolute maximum temperature. mean daily maximum
temperature, and mean daily temperature
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Experience has shown that not all temperature distributions will
follow a normal distribution. Lackey( 3 ) recognized the limited application

of the normal type distribution and suggested the use of a normalized tem-
perature in conjunction with an empirical nomograph for obtaining the
frequency distribution. His chart was applicable to any month and any
location between 12'N and 70'N latitude. The distribution curves obtained
were not reduced to any mathematical forms. And, too, it was required
that absolute maximum temperature, mean daily temperature, and absolute
minimum temperature be known to utilize the nomograph. Since the absolute
minimum temperature was not available, it was not possible to utilize the
Lackey system in the study.

As an experimental effort to obtain a relationship which would more
closely approximate the distribution, the following cities were selected at
random: Bengasi and Tripoli, Libya; Badajoz, Spain; Ashkharad, USSR;
El Paso, Texas; Fresno, California; Phoenix and Yuma, Arizona. All
stations were in desert areas and were located in the same approximate
latitudes as the South Asian desert. The actual distribution of tempera-
tures for these stations was plotted to determine if they would assume a
normal distribution curve. It was found that the temperature distribution
at Tripoli plotted a normal curve, but the data for the other selected cities
would not conform

The errors were plotted and were found to oscillate about the axis
in a manner which indicated that a harmonic relationship might be involved.
The following relationship was substituted arbitrarily and computed for
each distribution

P (M) 100 [50 .50 cos 1800 (TmT- )]
• Tmax - T o

where

P Probability

T Desired temperature

TAbsolute minimum temperature

T Absolute maximum temperature
max

(3) Lackey, E. E , "A Method for Assessing Hourly Temperature Prob-
abilities from Limited Weather Records. " Bulletin of the American
Meteorological Society, June 1960 298-303 pp.
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The relationship closely approximated the temperature distributions and

indicated the possibility that a trigonometric relation could apply. The next
step was to investigate the above equation and attempt to obtain further
refinements.

The fact that the curve for the experimental equation was close to
the actual curve and contained a cosine term indicated that the basic dis-
tribution might possibly be a sine or cosine function. The basic distribu-
tion would be the differential of the relation sought. Upon investigation,
it was found that the closest form of curve would be the cosine curve with
the axis at the midpoint of the curve. When a translation of axis was
added, the result was a versed sine curve which, when integrated, produced
a relation similar in form to the original but having different terms. The
derivation of this relation was as follows:

2a

a0

0 iT Z2w

Total area under cosine curve / (a - a cos 4) do
0

= f ll - cossi ) d)
0

a( =sin 4)0

= a (Zn - 0 - 0 + O) = Zwa

= Zwa



The probability is the ratio of the area from 0 to some value of
as a percentage of the total area, Zira. Therefore

area considered a(4 - sin )tp --

total area 2ia

1( sin 0)0

Substituting

b ( Tmax -o )

then

2 -sin T ) o rJ
max 0 ~ kmaxT)-T

Ta- T0  1 sin T To -2

Tmax T0  2I maxT'T T

Probability (%1) 100 -TT o - sin T )rITmax - T o 0 v snr Tmax- T

The above equation can be divided into two groups of variables
where one is (P) and the other is the ratio (T - To)/(Tmax - TO). This

relation produces a plot as follows:
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P

100%

50% ---

1.00
T -T o

Tmax - To

The curve may be computed once for the various ratios of
(T - To)/(Tmax - TO) and read directly in percentage, or each value may
be computed separately. There are only two temperature conditions
required, Tmaxand T O, other than the specified calculation temperature.

By definition, when the mean daily temperature (Tm) is the desired
temperature (T), the probability is equal to 50 percent; thus,substituting
into Equation (1)

Tin" To 1 T x "" -T0

50 = 100 [(T " -TT 1 - sin (T
K max - oI r Tmax -ToJ
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50 =100 [( Tm To ~0
L\max / To J0

I Tm To

2T Tma ma0

To =2Tm TmaxW

Now, arbitrarily let (Tmdmn - TO) /(Tmax -TO) =. 75, thus obtaining

P =90.9%6 for the mean daily maximum temperature (Tmdm), and solve

as follows

Tmdm - To= 3 I/4 Tmax - 3 /4 To

1/4T0  Tmdr - 3 / 4 Tmax

To=4 Tmdm- 3 Tmax (3)

Setting Equations (2) and (3) equal and solving for Tmax gives,

ZTm Tmax = 4 Tmdm - 3 Tmax

ZTmax 4 Tmdm - ZTm

Tmax ZTmdm - Tm (4)

Substituting Equation (4) into Equation (&2) gives

To = ZTM - Tmdm + Tm

To=3 TM - 'Tmdm (5)
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Thus, the relations are evolved from which the absolute maximum
temperature (Tmax) and the absolute minimum temperature (TO) can be
estimated by knowing only the mean daily temperature (Tm) and mean
daily maximum temperature (Trndm).

Again, the assumptions made for these derivations are as follows:

(1) The distribution is a fixed boundary extreme limit,
beyond which a temperature condition is no longer
considered normal or could not be expected to occur.

(2) The basic distribution can be expressed as a versed
sine distribution or as a translated cosine curve.

(3) The mean daily (Tm) and mean daily maximum tem-
peratures (Tmdm) appear at the (T - To)/(Tmax -To)
ratio values of . 50 and .75, respectively. Or, the
probabilities are 50 percent and 90. 9 percent, respec-
tively, that temperatures will be below these values.

Figure 2 shows a plot of the temperature distributions for the eight stations
mentioned eariler against the calculated distribution. As seen, the results
give relatively close correlation. The relation appeared very good for those
areas which experienced high solar radiation and were not influenced by
large bodies of water, or high humidity areas. The notable exception was
Ashkharad, U.S.S.R. No attempt was made to explain this deviation.

E. Making the Plot

The final decision was to use the cosine distribution for estimating
the interior regions of the South Asian desert. The normal distribution
curve was used for the coastal cities, based upon the close correlation
between this type of curve and the distribution of the Tripoli, Libya,
reporting station.

These distribution curves were then used to estimate the frequence-
of-occurrence for various temperatures at the points indicated in Figure 1.
The various temperatures that were calculated were those considered criti-
cal (see Chapter IV) for the selected vehicles. The probabilities were then
plotted,and contour lines were drawn connecting like probabilities (see
Chapter IV).

When plotting the temperature probability values, it was known that
there was a temperature-elevation relationship. Thus, to assist in con-
structing the final, probability plot of temperature data, the probability map
was overlayed on the elevation map, and the contour lines were used to
assist in locating the lines of equal temperature probability.
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III. TERRAIN ANALOGS

A. Discussion of Data of Equipment Tests

1. Test Reports

The input data from the equipment test reports were generally
limited to statements made by the test personnel pertaining to performance
on the various test courses, because no precise terrain-mobility relationships
were recorded. In most instances, the performance was expressed in
subjective terms, i.e. , "the mobility was poor, " or "truck A performed
better than truck B. " In some cases, especially on the prepared slopes,
there were more definitive engineering expressions of performance such
as, "slope could only be climbed with 10 psi tire pressure. " Occasionally,
time was included as a part of the mobility description as, "The vehicle
attained 20 mph on Course A. "

2. Descriptions of Test Courses

The names and locations of every test course at Yuma Test
Station that has been used for mobility evaluations were obtained. The
list of these courses is shown as Table 1, together with Yuma Test Station's
definition of the terrain description, and with the land-form code descriptions
of the courses, as used by the Corps of Engineers (see Appendix A).

It should be noted that there was a great deal of inconsistency
between the test course names as shown on the attachment. and their names
as given in the report.

B. Data from Corps of Engineers

The terrain data for the South Asian desertwere obtained from the
Corps of Engineers Technical Report No. 3-506 (Handbook, A Technique for
Preparing Desert Terrain Analogs)(4 ) andafolioof plates (ma s) entitled
Analogs of Yuma Terrain in the South Central Asian Desert.( )

(4)Handbook, A Technique for Preparing Desert Terrain Analogs, TR No.
3-506, May 1959. U. S. Army Engineer Waterways Station, Corps of
Engineers, Vicksburg, Miss.

(5)Analogs of Yuma Terrain in the South Central Asian Desert, (18 plates),
March 1959. Geology Branch, Soils Division, U. S. Army Engineer Waterways
Experiment Station, C of E, Vicksburg, Miss.
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The Corps of Engineers' folio, consisting of 18 plates, contained

the following terrain maps:

(1) Characteristic Plan-Profile (Plate 1)

This is the most commonly found plan-profile within a region.
It may be either gross or restrictive. A gross plan-profile
is one that can be subdivided into two restrictive component
plan-profiles each exhibiting relief of a lower order than the
gross plan-profile. Random sampling with circles 35 miles
in diameter is used in determining the gross plan-profile.

Random sampling with circles of 1 mile in diameter is used
to determine the restrictive plan-profile.

(2) Slope Occurrence (Plate 2)

This map shows the occurrence of slopes greater than 50%.
Frequency of occurrence is determined in a direction containing
the maximum number of slopes steeper than 50%. Minimum
relief considered is 10%.

(3) Characteristic Slope (Plate 3)

Characteristic slope is defined as a narrow range of slopes,
which predominates or is most common within a region (pos-
sessing a distinctive spacing, arrangement, or pattern of

contour lines) mapped with a 10-foot contour interval. Slope
is defined as a surface identified or designated in terms of its
deviation from the horizontal. The amount of deviation is
commonly expressed as a rate of vertical rise per horizontal
interval, as a percentage, or in degree.

(4) Characteristic Relief (Plate 4)

Where the characteristic slope is less than 6 degrees (approx-
imately 10%) relief is defined as the vertical distance from
interfluve crest to the immediately adjacent flow line. In
those areas where the characteristic slope is greater than 6
degrees, relief is defined as the maximum difference in
elevation per square mile, or in areas where drainage lines are
poorly developed or lacking (sand dune areas), from summit
to adjacent low.
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(5) Generalized Landscape (Plate 5)

This plate is a composite map of the landform types found
under the major landscape features of mountains, plains,
hill lands, plateaus.

(6) Soil Type (Plate 6)

This map deals with soil-rock associations; areas characterized
by a mosiac of bare rock and stony soils with varying degrees of
scattered patches of coarse and fine-grained soils.

(a) stony soils - More than 75% of a typical sample consists

of material coarser than gravel.

(b) coarse grained soils - More than 50% of a typical sample
consists of sand and/or gravel.

(c) fine-grained soils - More than 50% of a typical sample
consists of silt and/or clay.

(7) Soil Consistency (Plate 7)

This map presents the conditions of soils as follows:

(a) Homogeneous consistencies: Soils of essentially unchanged
consistencies to depths greater than 18 inches.

(i) Noncohesive: Materials in which the constituent
particles do not adhere to each other

(ii) Cohesive: Materials in which the constituent
particles do adhere to each other, either because
of mutual attraction of the particles themselves,
or because of the presence of a cementing material.

(b) Layered consistencies: Soils having two or more
relatively discrete layers within 18 inches of the surface.

(i) Cohesive surface layer underlain by either softer

cohesive materials, or by noncohesive materials.

(ii) Noncohesive surface layer underlain by either
looser or denser noncohesive materials, or by
cohesive materials.
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(8) Surface Rock (Plate 8)

This map includes the regions where rock is exposed and at
shallow depths (i.e., 0-10 ft). Types of rock designated
include:

(a) Igneous (Undifferentiated): Rocks found by solidification
or crystallization of a hot fluid mass (i. e. , granite,
syenite, diorite, basalt.)

(b) Metamorphic (Undifferentiated): Rocks formed from
original igneous or sedimentary rocks through alterations
produced by pressure, heat, or the infiltration of other
materials at depths below the surface zones of weather-
ing or cementing. (i. e. , gneiss, schist, slate)

(c) Sedimentary (Undifferentiated): Rocks formed from material
laid down in a more or less finely divided state, as
sediment, through the agency of water, wind or glaciers
(i. e., sandstone, limestone, shale).

(9) Vegetation (Plate 9)

This plate is a map of the vegetation types and includes the
following units: barren, sparse shrub and grass, scattered
shrub and grass, scrubby trees, dense shrub and/or scrubby
trees, palms with or without grain-herb cultivation, steppe,
steppe-savanna, grain-herb cultivation, marsh.

(10) Geometry or Form (Plate 10)

This plate identifies landscape type as a combination of

(a) characteristic plan-profile
(b) slope occurrence
(c) slope
(d) relief

(11) Ground (Plate 11)

Soil type and surface rock or soil consistency are considered
in this composite map. Much of the South Central Asian
desert is highly analogous to the Yuma terrain.
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(12) Vegetation Analogs (Plate 12)

(13) Composite Analogs (Plate 13)

This analog superposes geometry, ground and vegetation
mapping components.

(14) Physiography (Plate 14)

This analog shows the mountains, plain and mountains complex,
hill lands, plateaus, and plains.

(15) Physiography - Descriptions and Photographs (Plates 15 & 15A)

(16) Hypsometry (Plate 16)

Land form elevations are shown in the range of from below sea
level to 15, 000 ft above sea level.

(17) Landform-Surface Conditions (Plate 17)

An analog of landform and surface conditions

(a) Depositional (alluvial, colluvial, lacustrine, eolian,
marine, organic-chemical)

(b) Erosional (surface water, wind, marine)

(c) Miscellaneous (volcanic, tectonic, residual, intrusive,
meteoric)

(18) Landform-Surface Conditions (Plates 18, 18A & 18B)

Descriptions and photographs of landform and surface conditions.

C. Technique of Making Plots

As mentioned, the first effort was directed toward establishing the
Yuma test course terrain definition in terms consistent with those plotted
on the Corps of Engineers maps. (See Table 1). Next, the terminology
used at the Yuma Test Center was listed, and efforts were made to correlate
the various terms with the sets of numbers selected from the maps. General
agreement was found to exist in the terminology, although the descriptive
terms were not always similar. Terms were found to apply to combinations
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of soil conditions, while others applied to terrain configurations. For
instance, the term "hummocky, " which is used to describe terrain condition
at Yuma, does not appear in the Corps of Engineers terminology.

The correlation of Yuma test course data in a direct translation to

the conditions existing in Asia was investigated and found to have limited
possibility. The limiting factor was the lack of precise overlap of terrain-
data definitions. To offset this disadvantage, Yuma data were generalized
and subjectively rearranged to conform to the Asian desert terrain descriptions.

Some of the terrain features were found to be directly related to
the occurrence of climatic factors, and thus required the addition of climatic
data to the set of conditions to be plotted. This compounding of terrain and
climatic features will be discussed later.

The basic plots of mobility data were based on those areas in which
difficulties were known to occur. This constituted a negative type of plot;

however, since engineering work is generally concerned with problem areas
rather than areas which are normally successful, this type of plot more
closely followed engineering procedure.

The unplotted areas were divided into two basic categories:

(1) those areas in which performance was not known, and
(2) those areas in which performance was known to be satisfactory.

Next the reports of desert evaluations conducted on the vehicles
were given definitive examination and review. This review included a
careful analysis of all statements, data, and observations relating to mobility-
terrain performance results. (See Appendix B for summaries of the
vehicle performance capabilities.)

The Envanal charts were then examined to determine the reliability
of utilizing these documents for obtaining mobility-terrain relationships,
rather than referring to the test report itself. In the reports examined,the
Envanal charts generally were adequate representations of the test results,
for the purposes of preparing the analogs. On some occasions, slight
amplification of the Envanal charts was desired, but the questions were of

minor magnitudes.

Two types of limitations were used for plotting: a lower upper-limit,
and a higher upper-limit. The lower upper-limit indicated the point at which
any specification would be exceeded, whereas, the higher upper-limit was

the point at which further operation would destroy or severely damage the
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equipment, or imperil the operation, and usually meant that the specification
was substantially exceeded or that several specifications were exceeded
simultaneously.

The limits and the reasons for the limits are thus evaluated in
terms of various sets of conditions which, when occurring, would produce
a situation of poor performance.

In general terms, terrain is a relatively fixed factor varying only
with location, whereas. climatic factors will vary from day-to-day for a
fixed location, in addition to varying with location. Thus, if position or
location is fixed, the climatic factor will vary from day-to-day, while the
terrain feature will remain constant.

In some instances, certain features of the terrain may be a redundant
part of the plotting procedure; however, it is still presented as being a
definitely known contributing factor to the problem. An example of this
type is the plotting of sand dunes on the terrain map for the XM274 vehicle.
The existence of the sand dunes is not the problem, but becomes a problem
in conjunction with the occurrence of a 100°F temperature. Such an area
could be plotted as a function of the occurrence of 1000F temperature without
plotting sand dunes; however, in this study,the area is plotted as an area of
sand dunes, which may or may not be negotiable, depending upon the tempera-
ture.

The terrain maps contain areas which are mapped as mixed groups;
therefore, it becomes necessary to map performance as mixed groups.
Thus, areas were established which were generally considered as "definitely
not advisable to operate in, " and other areas in which the vehicle "can be
operated in. ' In certain cases,the information required to make a definite
decision was not available. These mixed areas often contain a portion of
the terrain that is definitely known to be unfavorable, while at the same time
they also contain areas that are favorable for operation. Since these areas
could not be isolated, it was generally stated that the area is "selective, " or
actually contains some of both conditions. Wherever these mixed areas
exist,they will have to be defined either by more definitive plotting of basic
terrain data within the area, or the user of the maps will have to interpret
the maps accordingly.

The vehicle performance analogs compiled for this study show three
conditions based on available atmospheric and terrain data. The three
conditions are defined as..

(1) "Go" -- A "go" condition exists for the vehicle within an area

if all ;3ets of limitations listed under selection of criteria are
not met.
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(2) "May Go" -- A "may go" condition would exist, for example,
when terrain limitations are not met, but certain atmospheric
limits are met; or terrain or atmospheric data are not sub-
stantiated or are questionable as to their veracity. A "may
go" condition is shown as either "selective" or "doubtful.
Examples of such situations are as follows:

(a) Selective -- An area contains both "go" and "no-go"
criteria as listed for the vehicle.

(b) Doubtful -- An area where no clear indication "no-go"
criteria exists, but subjective deduction indicates the
existence of such criteria.

(3) "No-Go" -- A "no-go" condition exists if any sets of limits
listed under selection criteria are met.

Of the 18 terrain plates on the South Asian desert, only two proved
to be of consequence to the study. They were Plate 5 (Generalized Land-
scape) and Plate 16 (Hypsometry).

The first of these (Plate 5) was a combination presentation of:
Landform (Plate 1), Slope Occurrence (Plate 2), Characteristic Slope
(Plate 3), and Characteristic Relief (Plate 4). Within this group, it was soon
discovered that the characteristic slope map predominated in describing
vehicle limitations. The reason was that the test reports, themselves,
only contained information in this respect. Limitations imposed by the
other landforms were seldom, if ever, correlated with test data, and could
only be used selectively.

The hypsometry plate proved of value in drawing the temperature
frequency lines. Since temperature is generally a function of elevation
(hypsometry), the plate was used for interpolation of isotherm direction.

D. Preparation of the Mobility -Terrain Maps

As mentioned, the plotting was done on a negative-type basis; that

is, those areas where "No-Go" conditions existed were first plotted, then
the ones designated as "Selective" or "Doubtful" were plotted; and the
remainder was considered as "Go. " Therefore, all criteriawere expressed
in terms of the vehicles limitations.
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1. The Selective Criteria Were Firmly Established

The first step was to select the appropriate criteria which

would delineate between the various mobility-terrain relationships (that
is: "No-Go, " "Doubtful, " Selective, " or "Go"..) These criteria were then
related to the various terrain analogs.

a. "No-Go" Plot

Using the M35 truck as an example, the critical per-
formance point for 'No-Go" mobility-terrain relationships was the 5016 slope.
Therefore, the occurrence of any of the following sets of landform conditions

constituted an area in which the "No-Go" plot was made.

PP* SO* CS, CR,

4 5 5 5
4 5 5 6
4 6 5 5
4 6 5 6
4 6 5 7
4L  5 5 5
4L// 6 5 6

4L/ 6 5 7

PP -- Plan Profile SO-- Slope Occurrence
CS -- Characteristic Slope CR -- Characteristic Relief

Generally,the four above landform conditions were used
exclusively in defining "No-Go" limitations. On occasion, however, additional
landform aspects were considered. For example, in the case of the M35
truck, it was noted in the reports that the vehicle had difficulty in operating
for sustained periods in sand dune operations. Therefore, those landform
characteristics necessary to define sand dune conditions were used, resulting
in the addition of soil characteristic to the sets of conditions. The following
tabulation shows the sets that were brought into play to further define "No-
Go" aspects for the M35 truck, as a result of this inability to operate in
sand dunes.



29

PP so CS CR SC

5L// 4 3 5 5
6L// 3 3 5 5
6L 3 3 5 5
6 2 3 4 5
6 3 3 4 5
6 4 3 4 5

PP -- Plan Profile SO -- Slope Occurrence CS -- Characteristic

CR -- Characteristic Slope

SC - Soil Char-

acteristics

Finally, a unique condition could occur where only a
single parameter was needed to evaluate the "No-Go" quality of the vehicle.
Again, using the M35 truck as an example, indications were that the presence
of a soil with a "3" classification on the Corps of Engineers soil consistency
analog would result in vehicle immobilization (a "3" classification denoted
a soft soil with little or no bearing capacity. ) Thus, any time the "3"
condition existed, regardless of the other landform qualities, a "No-Go"
plot occurred.

b. "Doubtful" Plots

The "Doubtful" plot was utilized when there was no clear
indication of nonmobility, but subjective reasoning indicated that the vehicle
would probably be inoperable.

For example, in the case of the M35 truck, test results
indicated that under certain conditions the vehicle would not negotiate a 20%6
slope. Under ideal conditions it would negotiate a 50%6 slope. Thus, any
time a slope condition occurred that was equal to or greater than 20%6 but
less than 50%, a "Doubtful" plot was followed. The landform combinations
that indicated this situation were.

PP SO CS CR

4 5 4 5
4 6 4 5

PP -- Plan Profile CS -- Characteristic Slope
SO -- Slope Occurrence CR -- Characteristic Relief
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Occasionally there were single parameters that would
exist in which subjective reasoning would cause doubt as to the vehicle's
operability, but in which no precise limitations were known. Again, using
the M35 truck as an example, a "Doubtful" plot occurred when a soil
consistency rating of "6" (hard, thin crust overlying soft materials,
commonly muck, ooze, saturated silts) existed.

c. "Selective"

"Selective" plot was utilized whenever an areal complex
occurred, and one of these complexes was a "No-Go" type of terrain feature
or combination.

d. "Go" Plot

The "Go" plot was placed in all areas which did not fall
within the preceding catagories.
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IV. TESTING OF RESULTS ON VEHICLES BY ANALOGS

Preceding chapters have discussed the approach taken in establishing
the terrain analogs and the atmospheric analogs. The purpose of this chapter
is to apply these approaches to actual plotting of the analogs for four vehicles:
Tank, 90mm Gun, M48; Carrier, Light weapons, Infantry, 4 X 4, M274;
Truck, Cargo, Prime Mover, 2-1/2-Ton, 6 < 6 M35; and Carrier, Personnel,
Fulltracked, M113.

Summaries of the reports from which test results were obtained are
in Appendix C.

A. Tank, 90mm Guti, M48

This vehicle was found to have vapor locking tendencies which would
occur at temperatures of 100°F. Engine cooling problems would occur at
113°F. Since the vapor locking tendency was not serious at the 1000F
temperature, the 1130F temperature level was selected as the lower tempera-
ture limit. The upper temperature limit of 125°F was established as the
highest possible temperature operating level because of rate of temperature
rise in vehicle components. The cylinder heads on the main engine will
overheat at full-load, main engine oil temperatures will be borderline, and
serious vapor lock will occur.

Figure 3Aplots the probability of occurrence for temperatures
equaling or exceeding 113°F during the warmest month in the South Asian
Desert. This, then, is an estimate for percentage of time that temperatures
would cause the M48 tank's component temperatures to exceed the design
specifications under selected operating conditions.

Figure 3Bplots the probability of occurrence for temperatures
equaling or exceeding 1250F during the warmest month. This would then
be an estimate of percentage of time that any operation would be hazardous
in the designated areas, because of high temperature.

Test performance reports revealed that the maximum slope climbing
ability of the M48 tank was 40 percent. The Corp of Engineers' terrain
maps did not plot 40 percent slopes, but did plot slopes in the range from
25 to 50 percent. Thus, the actual "No-Go" terrain plot includes 50 per-
cent and greater slopes, which are actually ten percent above the maximum
limit of the vehicle. This is not the ideal manner in which to make a plot;
however, in this case, it represents the most accurate plot based on
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availability of existing data pertaining to the terrain and the breakdown
of plotting categories.

There are some areas plotted on the map which represent personal

injection of interpretation on the part of the authors and were not obtained
from reports of any type. These areas include marshlands, perennial wet
soils, and soils underlain with soft materials. In these areas,the condition
of "Doubtful" or "Selective" negotiability was expressed.

Figure 3C plots the mobility-terrain relationship for the vehicle.

The selection criteria for 'No-Go" operation were established for

a characteristic slope equal to or greater than 50%, and also when a soil
characteristic of "3" (as defined in the Corp of Engineers Mapping Code
found in the Appendix) existed. Therefore, the following generalized land-
form codings were used to define "No-Go":

PP SO CS CR SC

1 3 5 4
4 5 5 5
4 5 5 6
4 6 5 5
4 6 5 6
4 6 5 7
4 L// 6 5 6
4L// 4 5 5
5 L// 4 5 5
Any Any Any Any 3

A "Doubtful" plot occurred whenever Code "6" (hard thin crust over-

lying soft materials, etc. ) existed in the Corps of Engineers Soil Consistency
Analog.

And finally, a "Selective" condition existed when some areal complex
occurred in which a "No-Go" condition, as shown above, existed.

B. Carrier, Light Weapons, Infantry, 4 X 4, M274

The M274 Infantry vehicle's engine temperatures exceeded specifi-
cations when operating under full-load conditions at 82*F ambient. In an
ambient of 100°F, the condition would become severe enough to completely

immobilize the vehicle.
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Figure 4A plots the probability of occurrence for temperatures
equaling or exceeding 82°F in the South Asian desert during the warmest
month. This, then, is an estimate of the percentage of time that tempera-
tures will occur during this month which would cause the M274 vehicle's
component temperatures to exceed design specifications under certain
operating conditions.

Figure 4B plots the probability of occurrence for temperatures
equaling or exceeding 100°F during the warmest month. This would be
an estimate of the percentage of time for the month that any operation
would be hazardous in the designated areas because of high ambient
temperatures.

The carrier M274 was found to have a maximum slope-climbing
ability of 60%. Here again, the nearest Corps of Engineers' plot of terrain
was 50%. Thus, the plot of unsatisfactory area includes slopes 10% under

that which the vehicle will climb.

"No-Go" conditions occurred under the following Code situations:

PP SO CS CR

1 3 5 4
4 5 5 5
4 5 5 6
4 o 5 5
4 6 5 6
4 6 5 7
4L// 6 5 6
4L// 6 5 7
4L// 4 5 5

A "No-Go" plot was also followed whenever the soil condition was
equal to the Corps of Engineers Classification of "3" (see Appendix A for precise
definition.) A "Doubtful" plot was used whenever the soil consistency was
equal to a "6" (see Corps of Engineers Coding Description in the Appendix A
for precise definition. )

And finally, "Selective" plot was used when areal complexes existed
which contained some of "No-Go" conditions as defined above, in combination
with "Go" conditions.

The mobility-terrain relationships are plotted in Figure 4C.
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C. Truck, Cargo, Prime Mover, 2-1/2 Ton, 6 X 6, M35

The lower temperature limit for the M35 truck was found to be
1030 F; the upper limit was 125°F. The problems of vapor lock and engine
cooling were the primary temperature dependent malfunctions which occurred
during the testing operations. Tests were made using a submerged fuel
pump, oil cooler, and 6-blade cooling fan; however, verbal field reports
indicate that these items have not been authorized to date as standard
vehicle modifications for field use.

Figure 5A plots the probability of occurrence for temperatures
equaling or exceeding 1030 F during the warmest month in the South Asian
Desert. Again, this is an estimate of the percentage of time for the
month that temperatures will occur which would cause the M35 truck's
compartment temperatures to exceed design specifications under certain
operating conditions.

Figure 5B indicates the probability of occurrence for temperatures
equaling or exceeding 125°F during the warmest month. This would then
be an estimate of the percentage of time for the month that any operation
would be hazardous in the designated areas because of high ambient tempera-
ture s.

The M35 truck was generally confined to a maximum sand slope of
20 percent. No other definitive relationships were given which would relate
maximum gradability to type of terrain. Therefore, the slope of maximum
negotiability was selected as 25 percent to coincide with an existing analog
plot.

The selection of criteria for the M35 vehicle was established as

follows for a "No-Go" plot:

PP SO CS CR

4 5 5 5
4 5 5 6
4 6 5 5
4 6 5 6
4 6 5 7
4 L// 5 5 5
4L// 6 5 6
41,// 6 5 7

Because of the inability of the vehicle to negotiate sand dunes satis-
factorily, an additional limitation had to be imposed to meet this condition.
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Therefore, the following tabulation is indicative of those generalized land-
scape areas where sand dunes existed.

PP so CS CR SC

5L// 4 3 5 5
6L// 3 3 5 5
6L 3 3 5 5
6 2 3 4 5
6 3 3 4 5
6 4 3 4 5

A final "No-Go" plotting occurred whenever the soil consistency was
equal to a "3" as defined by the Corps of Engineers Data Coding System.

A "Doubtful" mobility condition existed whenever the characteristic
slope was equal to or greater than 25%, but less than 50%. Therefore, the
following tabulation is indicative of those generalized landscape conditions
which existed that would qualify for this selection:

PP so CS CR

4 5 4 5
4 6 4 5

Finally, the "Selective" plot was used when there was some "No-Go"
terrain conditions existing in complex situations with "Go" terrain conditions.

Figure 5C plots the mobility-terrain relationships.

D. Carrier, Personnel, Full-Tracked, M113

The lower temperature limit of the M113 was determined to be 117*F
and the upper temperature limit 125°F. This vehicle has a temperature
dependent problem which involves the cooling of the transmission oil under
conditions of the road load cooling test.

Figure 6A plots the probability of occurrence for temperatures
equaling or exceeding 117* F during the warmest month in the South Asian
desert.. As with other analogs, this map presents an estimate of time
in that month that temperatures will occur which would cause the M113
vehicle to exceed design specifications under certain operating conditions.

Figure 6B indicates the probability of occurrence for temperatures
equaling or exceeding 125*F during the warmest month. This would be an



FIGURE 5C. MOBILITY-TERRAIN
(TRUCK, CARGO, 2-1/2-'

0 -0

A N13

A E A

2o~00

.... .. . .. .

........1P.11



44

iC. MOBILITY-TERRAIN RELATIONSHIP
(TRUCK, CARGO, 2-1/2-TON, 6 x6, M35)
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estimate of the percentage of time for the month that any operation would
be hazardous in the designated areas because of high ambient temperatures.

The test reports on this vehicle were generally satisfactory and few
deficiencies or malfunctions could be isolated as major factors. The
available performance test reports did not indicate the M113's maximum
slope climbing ability. However, a field report was found which originated
from a tropical exercise( 6 ) in which is was stated the vehicle did not climb
a 60 percent dry soil slope. For lack of other information, this value was
taken as indicating the upper limit of the climbing ability of the M113. The
Corps of Engineers plot of terrain gave 50 percent values as the nearest
plot of terrain which could be used. Thus, the plot included herein uses
the 50 percent slope value as indicating the upper slope limit.

The selection criteria for "No-Go" performance was as follows:

PP SO CS CR

4 5 4 5
4 5 5 5
4 5 5 6
4 6 4 5
4 6 5 5
4 6 5 5
4 6 5 6
4 6 5 7
4L 5 5 5
4L// 6 5 6
4L// 6 5 7

There were no "Doubtful" plottings required for this vehicle. "Selective"
plots were used whenever some complex terrain conditions occurred when
the tabulated generalized land features occurred in combination with some
features that were considered as "Go" for the vehicle.

The mobility-terrain relationships are shown in Figure 6C.

(6 )Mannheimer, R. J., The Wet Tropical Environment-- Its Description
and Effect on Materiel Performance, Southwest Research Institute,
(Contract No. DA-Z3-072-ORD-1375. April 1962.
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MOBILITY-TERRAIN RELATIONSHIP
(CARRIER, PERSONNEL, M113)

N u S S R )LEGEND
-~ ~ / , fOQG RELATIONSHIP (CHARACTERISTIC SLOPE

/EET RELAI*GOS* IP AoREA L COMPLEX/ WIT NBOTH GO ND NO-GO COITIONS)
'I ~ RELATIONSHIP (NO KNOWN LIMITATIONS)

NOTE: Based on 0 rainfall existing at, during,
35 and shortly preceding vehicle transit... ... .. ..

............

olau
1k.

..... ......

.. .. ....

............

I% %

........... ,

S E A

o 0
C A M 1i A I



49

V. CONCLUSIONS AND RECOMMENDATIONS

This final chapter describes the conclusions of the study with
respect to application of presently existing data in predicting equipment
performance in any selected world environment. Further, it makes
recommendations as to procedures that might be taken to improve the
system.

A. Conclusions

General performance limits of a vehicle can be plotted for a given
area. However, the degree of reliability of these plots is severely limited
by the lack of definitive data relating vehicle performance to precise soi 'l
and terrain definitions, as developed by the Military Evaluation of Geographic
Areas project.

Presently, there is no system or method of evaluation which ade-

quately copes with the synergistic environmental effects. This quickly
resolved this study to an evaluation of single environments, further reducing
the precise scientific validity.

Negative-type plots of vehicle performance are the most feasible
to use at present, due to current methods of reporting engineering per-
formance data. This method of reporting is currently utilized to limit
the scope of reporting and carries the implication that all other vehicle
performance was satisfactory.

There is difficulty in isolating the implied results of what was
satisfactory from those results which were not obtained at all. To do so
requires close scrutiny and interpretation of the reports, and very often
the entire test must be reconstructed in a subjective manner.

It was necessary to plot terrain factors as fixed variables, whereas
climatic factors had to be plotted on the basis of probability of occurrence.
Essentially, this implied that the terrain factor always occurs with a
probability value of 100 percent for a given location and a given climatic
occurence will be less than 100 percent for the same location.

Climatic plots should be plotted on the same mapping scale as the
terrain features and, also, some consideration should be given to terrain
features when constructing the climatic plot. For example, to mathemati-
cally average climatic conditions on a 20, 000-ft mountain from its base
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to the top at intervals of 1000 ft would yield a valid average, but, never-
theless, it would be unrealistic for field application These considerations
are presently being made by the Quartermaster Corps in their latest
mapping of climate, although these maps are still unpublished and evidently
do not exist in the larger scale plots of the various areas.

Present methods of rating Envanal charts do not in all instances
allow direct translation of performance to the plotting but do permit quick
isolation of those problem areas which can be traced to and evaluated from
the basic test report. In the methods presently used, performance is rated
against a design specification. Thus, there is no guarantee that the design
specification covers the maximum limit required by the environment, or
that a limit of performance lies somewhere between the design specification
limit and the limit imposed by the environment.

The analog type comparisons between the Yuma climate and terrain
and the climate and terrain of the South Asian desert were not beneficial
in predicting vehicle performance limits. This was because the analogies
were based upon single, isolated environments, which seldom, within
themselves, permitted logical deductions of performance constraints. For
example, the degree of absolute maximum temperature analogy between the
test site and some other location would be meaningless for predictive pur-
poses unless a vehicle was actually tested at that absolute maximum tem-
perature Similar types of examples could be drawn for the other analogies,
when considered separately.

The analogies when taken in total combination would so limit the
area where predictions could be made as to again limit the usefulness of

the procedure

The raw data used in preparing the climatic analogs and terrain analogs
were valuable in relating vehicle performance with geographical location.

The Corps of Engineers terrain maps, with some minor exceptions, pro-
vided the only basis for relating test site terrain with South Asian desert
terrain. The Quartermaster Corps temperature data were sufficient to

construct reasonably accurate distributions of occurrence for any specific
point.

The different methods of terrain description used by the Corps of
Engineers and vehicle test personnelwere a severe handicap in estimating

terrain-mobility capabilities for the South Asian desert.
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B. Recommendations

In order to contrive a methodology and scientific approach to the
practical. development of the Envanal program, the following recommenda-
tions are submitted:

(1) It is recommended that the following types of maps developed
by the U. S. Army Corps of Engineers be modified, standard-
ized, and utilized in the development of the over-all Envanal
program. (Subject reference is the Corps of Engineers
report prepared by the Geology Branch, Soils Division, dated
March 1959, entitled "'Analogs of Yuma Terrain in the South
Central Asian Desert, '' Copy 1. )

Plate I -- Characteristic Plan-Profile

Present form is considered adequate at this time
without modification.

Plate 2--Slope Occurrence

Present form is considered adequate at this time without
modification. This particular type of frequency map
could also be prepared for frequencies other than
50 percent. It is recommended that this map be con-
tinued and consideration given as to what advantages
could be obtained by additional maps of this form

Plate 3-- Characteristic Slope

This map is valuable, and modification if possible, is
recommended to further reduce the four and five group-
to more and smaller intervals, especially between the
range of 25 to 75 percent slopes. Perhaps increments
of ten percent would be more satisfactory than the use
of the present 25 percent intervals

Plate 4 -- Characteristic Relief

Present form is usable No modification is indicated

Plate 5--Generalized Landscape

This type of map is satisfactory in its present form
and should be continued
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Plate 6--Soil Type

This map is very useful, although some modification
appears in order. This map represents a particle
size distribution classification, except for the "saline"
category which represents a type of mineral or pH
classification.. The use of saline on this map appears
inconsistent with the over-all map. Additional sub-
division of the first three groups into a particle size
classification also appears in order.

Plate 7--Soil Consistency

This map is useful in its present form. No modification
is indicated.

Plate 8--Surface Rock

This map may prove of value and should be continued;
however, the classification for the type of use con-
sidered in this report is limited and would be more
valuable if the size and frequency of the surface rock
were shown. The recommended modification of
Plate 6 is also applicable to Plate 8

Plate 9--Vegetation

This map is considered usable in its present form.

Plate 16 -- Hypsometry

This map is considered valuable and usable in its
present form.

(2) It is recommended that the Quartermaster Corps' climatic
data be furnished in a probability of occurrence form for
at least temperature and rainfall. Later such information
could be made available pertaining to other climatic fac-
tors It is recommended that all data be compiled on a
monthly basis using the calendar month as standard for
any and all types of Envanal application. Quarterly or
seasonal summation could be used to reduce the work
load; however, since spring, summer, winter, and fall
seasons vary with positions on the earth, it is recom-
mended that the monthly basis be used
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All climatic plots should be in relation to terrain
conditions and, when possible, corrected accordingly.

(3) It is recommended that terrain and climatic factors

be standardized. Engineering test personnel should
be required to record the appropriate data which
would encompass all, of the factors encountered during

the test, and to define the performance which occurred
according to specifically defined performance charac-

teristics

(4) It is recommended that an Envanal chart or form be
designed that will permit the entry of measured per-
formance without regard to design specifications.
This chart would list the selection of climatic and
terrain characteristics according to the standardized
form-
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APPENDIX A

CORPS OF ENGINEERS DESERT
TERRAIN ANALOG CODING SYSTEM
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CHARACTERISTIC PLAN-PROFILE (PP)

The characteristic plan-profile is the most commonly found plan-
profile within a region. It may be either restrictive or gross. The restric-
tive plan-profile is based on random sampling with circles 1 mile in diameter.
Local relief of less than 10 ft is not considered. The gross plan-profile
is based on random sampling with circles 35 miles in diameter. Relief of
less than 100 ft is not considered. The prominences in such a plan-profile
are termed component highs, the intervening lowlands component lows.

LEGEND

-Highs are -- yI - Non-linear Linear and Non-linear Linear and
-and Random Random and Parallel Parallel

Highs* Occupy:

1 P600% of area IL

o 0of.. r -l, rV- LVl"V7L

40-60% of area -r[--- L --- L [jz I---L/I

3 <40% of area 3 3L 3//P' 3L

4 >60% of area 44L 4// 4L /

g /VVV\L_ ZIL 4 -

5 40-60% of area 0 S i [I L [ 5] SL I

6 <40% of area U 6 6// 6L

No pronounced 7

highs or lows

PLAN-PROFILE COMPLEXES:

Areal Complexes: Confined to areas where two major, areally restricted
plan-profiles, both of the restrictive type are mapped.

1/4 /7" Plan-profile of the areally predominant lows.
C Plan-profile of the areally subordinate highs.

1\4 ( Plan-profile of the areally predominant highs.
C Plan-profile of the areally subordinate lows.

Gross-Component Complexes: Confined to areas where a gross and a
restrictive plan-profile of either a com-
ponent high or a component low are

mapped.
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5L// IC Gross plan-profile -- 5L//

7 Restrictive plan-profile of component lows

117 C Gross plan-profile
Restrictive plan-profile of component highs

*Highs are considered to be (1) peaked or crested prominences which

exhibit characteristic slopes greater than 6 degrees or (2) fairly flat-

topped prominences or high-level areas bounded by slopes in excess

of 14 degrees.

**L indicates linearity of highs. A high is considered to be linear when

its length is greater than 5 times its width.

*'*// indicates roughly parallel arrangement of highs or aligned highs.
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OCCURRENCE OF SLOPES GREATER THAN 50 PERCENT (SO)

Occurrence may be either restrictive or gross. A restricted
occurrence class indicates a modal range of slopes greater than 50 percent
found along traverses containing the maximum number of such slopes.
Relief of less than 10 ft is not considered. A gross occurrence indicates
the modal distance between component highs or component lows. Relief
of less than 100 ft is not considered.

I. The number of slopes steeper than 50 percent is less than 1 per
10 miles or in areas, less than 10 miles in maximum dimension,
where such slopes are lacking.

2. The number of slopes steeper than 50 percent ranges from 1 to 5
per 10 miles.

3. The number of slopes steeper than 50 percent ranges from 5 to 20
per 10 miles.

4. The number of slopes steeper than 50 percent ranges from 20 to 100
per 10 miles.

5. The number of slopes steeper than 50 percent ranges from 100 to

200 per 10 miles.

6. The number of slopes steeper than 50 percent exceeds 200 per 10 miles.

OCCURRENCE COMPLEXES.- (Mapped only where plan-profile com-
plexes are mapped. )

Areal Complexes: Confined to areas where two major, areally
restricted occurrence units, both of the
restrictive type, are mapped,

3/5 Slope occurrence of areally predominant lows.
Slope occurrence of areally subordinate highs.

1\3 Slope occurrence of areally predominant highs.
Slope occurrence of areally subordinate lows,

Gross-component Complexes- Mapped only where gross-component
plan-profile complexes are mapped.
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1 Gross occurrence of component highs.
4 Restrictive occurrence within component lows.

114 Gross occurrence of component lows.
Restrictive occurrence within component highs.
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CHARACTERISTIC SLOPE (CS)

Slope is defined as a surface identified or designated in terms of its
deviation from the horizontal. Characteristic slope is defined as a narrow
range of slopes which predominates or is most common within a region
(possessing a distinctive spacing, arrangement, or pattern of contour lines)
mapped with a 10-ft contour interval.

Flat: Characteristic slope between 0 and 2 degrees (approx. 0 - 3. 5%)

la Between 0 and 1/2 degree (approx. 0 - 1%).

lb Between I/2 and 2 degrees (approx. I - 3.5%).

2 Gentle: Characteristic slope between 2 and 6 degrees (approx. 3.5 - 10%).

3 Moderate: Characteristic slope between 6 and 14 degrees (approx . 10 -
25%).

4 Declivitous: Characteristic slope between 14 and 26.5 degrees (approx.
25 - 50%).

5 Steep: Characteristic slope between 26. 5 and 45 degrees (approx.
50 - 10%).

6 Precipitous: Characteristic slope greater than 45 degrees (greater than
100%).

SLOPE COMPLEXES: (Mapped only where plan-profile complexes
are mapped)

Areal Complexes: Confined to areas where two major, areally
restricted slope types are mapped.

2/4 (7 Characteristic slope of areally predominant lows.
Characteristic slope of areally subordinate highs.

lb\3 Characteristic slope of areally predominant highs.
C)-Characteristic slope of areally subordinate lows.

Gross- component Complexes: Mapped only where gross-component
plan-profile complexes are mapped. The symbols in the com-
plex are arranged vertically or horizontally depending on the
plan-profile.
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.3 .. CCharacteristic slope within component highs. * 3
lb --- Characteristic slope within component lows.

K "Characteristic slope within component lows.*

'-Characteristic slope within component highs.

Important Scarps: An important scarp is defined as a more or less con-
tinuous precipitous slope exhibiting more than 100 feet of relief.
Only the better known scarps which extend for considerable dis-
tances have been mapped. Scarp height is indicated where known.

*In cases where the gross plan-profile is flat-topped or flat-bottomed,

the characteristic slope is considered to be the modal slope of the
bounding incline s.
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CHARACTERISTIC RELIEF (CR)

Characteristic relief may be either restrictive or gross. Restrictive
relief is based on modal classes of stream depth, elevation differential per
unit area, or prominence height. This is further defined under type I and
type II relief, below. Gross relief indicates the modal height of component
highs or the modal depth of component lows.

I. RELIEF IN AREAS WHERE THE CHARACTERISTIC SLOPE IS

LESS THAN 6 DEGREES (APPROX. 10 PERCENT)

Relief is defined as the modal vertical distance from interfluve
crest to the immediately adjacent flow line.

I Characteristic relief between 0 and 10 feet.

2 Characteristic relief between 10 and 50 feet.

3 Characteristic relief between 50 and 100 feet.

II. RELIEF IN AREAS WHERE THE CHARACTERISTIC SLOPE IS
GREATER THAN 6 DEGREES (APPROX. 10 PER CENT)

Relief is defined as the modal maximum difference in elevation
per square mile, or in areas where drainage lines are poorly

developed or lacking*,from summit to adjacent low.

*Usually restricted to sand dune areas--maximum height of

dunes indicated where known.

4 Characteristic relief between 0 and 50 feet.

5 Characteristic relief between 50 and 400 feet.

6 Characteristic relief between 400 and 1, 000 feet.

7 Characteristic relief greater than 1, 000 feet.

RELIEF COMPLEXES: (Mapped only where plan-profile complexes
are mapped.)

Areal Complexes: Confined to areas where two major, areally
restricted relief units, both of the restrictive

type, are mapped.



63

2/5 Relief of areally predominant lows.
;L-Relief of areally subordinate highs.

5\2 -Relief of areally predominant highs.
< .. Relief of areally subordinate lows.

Gross- component Complexes: Mapped only where gross- component
plan-profile complexes are mapped.

5 Gross relief of component highs
" X- Restrictive relief within component lows

512 'Gross relief of component lows
Restrictive relief within component highs

Important Scarps: A scarp is defined as a more or less continuous
precipitous slope exhibiting more than 100 feet of relief. Only
the better known scarps which extend for considerable distances
have been mapped. Scarp height is indicated where known.
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SOIL TYPE (ST)

I. SOIL-ROCK ASSOCIATIONS

Areas characterized by a mosaic of bare rock and stony soils*
with a few scattered patches of coarse- and fine-grained soils.
Bare rock and stony soils cover more than 90 percent of the
area mapped.

2 Areas characterized by a mosaic of bare rock and stony soils
with numerous patches of coarse- and fine-grained soils.
Bare rock and stony soils cover from 50 to 90 percent of the
area mapped.

3 Areas characterized by a mosaic of coarse- and fine-grained
soils with numerous rock and stony soil outcrops. Bare rock
and stony soils cover from 20 to 50 percent of the area mapped.

Areas where patches of soil consist of unconsolidated deposits
of volcanic ash or ejecta.

*Stony soils: More than 75 percent of a typical sample consists

of material coarser than gravel. Coarse-grained soils: More
than 50 percent of a typical sample consists of sand and/or
gravel. Fine-grained soils: More than 50 percent of a typical
sample consists of silt and/or clay.

II. SOIL ASSOCIATIONS

Areally predominant (70 percent or more) soil type mapped.
Area mapped never includes more than 20 percent bare rock
and stony soils.

4 COARSE Gravel: More than 90 percent of a typical sample
consists of gravel.

5 GRAINED Sand: More than 90 percent of a typical sample
consists of sand.

6 SOILS Sand and Gravel mixed with minor amounts of finer
material: More than 50 percent of a typical sample

consists of sand and/or gravel.
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7 Silt and clay with minor amounts of coarser material:
More than 50 percent of a typical sample consists of
silt and/or clay.

8 FINE Silt: More than 75 percent of a typical sample consists
of silt.

9 GRAINED Clay: More than 75 percent of a typical sample consists
of clay.

10 SOILS Saline: A typical soil sample has a salt content of more
than 25 percent- -usually associated with silt
and clay.

5/4 SOIL COMPLEXES: Soil complexes are mapped where
no areally predominant (70 percent or more) soil type

occurs. In such instances, the two most commonly
occurring soil types are mapped; the predominant is
shown as the numerator, the subordinate as the denominator

in the fractional pattern.
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SOIL CONSISTENCY (SC)

Soil consistencies are mapped only where soil associations occur.
Areally predominant (70 percent or more) soil consistency mapped.

I. HOMOGENEOUS CONSISTENCIES: Soils of essentially
unchanged consistencies to depths greater than 12 inches.

A. Noncohesive: Materials in which the constituent particles
do not adhere to each other.

Loose: The ratio of voids to constituent grains is close
to a naturally occurring maximum, i. e., the grains are

loosely packed.

2 Dense: The ratio of voids to constituent particles is
close to a naturally occurring minimum, i.e., the
grains are closely packed.

B. Cohesive- Materials in which the constituent particles
adhere to each other, either because of mutual attraction
of the particles themselves, or because of the presence
of a cementing material.

3 Soft (usually perennially wet): Little or no bearing capacity.

4 Firm: Moderate bearing capacity.

5 Hard: High bearing capacity.

II. LAYERED CONSISTENCIES: Soils possessing two or more
relatively discrete layers within 1Z inches of the surface.

A. Crusted surfaces: Surface crust may be either cohesive
or noncohesive.

6 Hard thin crust (commonly of cemented materials) over-
lying soft materials (commonly muck, ooze, or saturated
silts).

7 Hard crust (commonly of cemented materials) overlying
noncohesive material (commonly sand or silt).

Is
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(8 Thin zone of firm materials over noncohesive materials.
(Most common development in areas of fixed dunes, with
more or less continuous vegetation cover. )

9 Surface of closely fitted noncohesive pebbles or gravel
overlying noncohesive materials (commonly sand or silt).

(Such "desert pavements" also occur over bedrock or
materials of firm consistencies, but this is less common.)

B. Noncohesive surface layer less than 12 inches thick.

10 Dense layer within 12 inches of the surface.

11 Hard layer within 12 inches of the surface (usually, but
not always, caliche).

3/4 CONSISTENCY COMPLEXES: Consistency complexes
are mapped where no areally predominant (70 percent or
more) consistency occurs.. In such instances, the two
most commonly occuring consistencies are mapped; the
predominant is shown as the numerator, the subordinate
as the denominator in the fractional pattern.
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SURFACE ROCK (SR)

Mapped in regions where rock is exposed and at shallow depths
(i.e., 0-10 feet)* throughout the remainder of the area. In effect this
procedure restricts the mapping of surface rock to areas mapped as 1,
2, or' 3 under Soil Type.

Areally predominant (70 percent or more) rock type mapped.

1 IGNEOUS (UNDIFFERENTIATED): Rocks formed by solidification
or crystallization of a hot fluid mass.

2 Intrusive: Ingneous rocks, typically crystalline, which have formed
by cooling below the surface of the earth.
(Granite, syenite, diorite, etc.)

3 Extrusive (undifferentiated): Igneous rocks which have formed by
cooling at the surface of the earth.

3a True extrusive rocks formed by solidification of molten material
that poured out on the surface of the earth (e. g , basalt, dacite,
etc.).

3b Rocks formed by secondary cementation of loose deposits of volcanic
ejecta (e.g., tuff, agglomerate, etc.).

4 METAMORPHIC (UNDIFFERENTIATED): Rocks formed from
original ingneous or sedimentary rocks through alterations produced
by pressure, heat, or the infiltration of other materials at depths
below the surface zones of weathering and cementation. The
alterations are sufficiently complete throughout the body of the
rock to produce a well-defined new type. (Gneiss, schist, slate, etc

5 SEDIMENTARY (UNDIFFERENTIATED) Rocks formed from mate-
rial laid down in a more or less finely divided state, as sediment,
through the agency of water, wind, or glaciers.

6 Sandstone. A sedimentary rock predominantly composed of sand
grains cemented together.

7 Limestone: A sedimentary rock consisting essentially of calcium
carbonate.
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8 Shale: A sedimentary rock in which the constituent particles are
predominately of clay size.

9 Evaporites: A sedimentary rock whose origin is largely due to
evaporation and subsequent precipitation of salt from water. (Gypsum,
anhydrite, and rock salt are the only evaporites of quantitative
importance.)

3a/3b ROCK COMPLEXES: Rock complexes are mapped where no areally
predominant (70 percent or more) rock type occurs. In such
instances, the two most commonly occurring rock types are mapped;
the predominant is shown as the numerator, the subordinate as the
denominator in the fractional pattern.

*It should be realized that the scale of mapping precludes delineation,
especially in mountanious regions, of many alluvial basins where the
thickness of soil cover is much greater than 10 feet.

Note: Tabulation of generalized rock properties on reverse side.
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.-VEGETATION (V)

Areally predominant (70 percent or more) vegetation type mapped.

Unit Description

1 Barren Devoid or nearly devoid of vegetation.

2 Sparse shrub & grass Widely spaced thorny shrubs, bushes,
low scrubby trees, herbs, or clumps
and open stands of coarse grass. (Also
includes cacti in the U. S. )

3 Scattered shrub & grass Moderate spacing of forms mentioned
under unit 2.

4 Scattered shrub and/or Thin stands of shrubs and scrubby trees,
scrubby trees undergrowth (if present) consists of low

shrubs, bushes, and grasses.

4a a. With scattered 3rd-
story trees

5 Dense shrub and/or Dense stands of shrubs and scrubby trees,
scrubby trees undergrowth (if present) consists of low

shrubs, bushes, and grasses.

5a a. With scattered 3rd-
story trees

5b b. With grain-herb Orchard areas with grain-herb cultivation
cultivation forming the Ist story.

6 Palms with or without Dense palm groves, 1st-story grain-herb
grain-herb cultivation cultivation may or may not be present.

7 Steppe Low grass cover, may or may not include
scattered low scrubby trees and shrubs.
Height of grass ranges from a few inches
to 2 feet.



71

8 Steppe-savanna High continuous grass cover, includes
scattered scrubby trees and shrubs.

Height of grass averages 3-5 feet.

9 Grain-herb cultivation Cultivated plots of grains, vegetables, etc.

10 Marsh Dense growth of grasses, sedges, etc.

2/4 VEGETATION COMPLEXES Vegetation complexes are mapped where
no areally predominant (70 percent or
more) vegetation type occurs. In such
instances, the two most commonly
occurring types are mapped; the pre-
dominant is shown as the numerator,
the subordinate as the denominator in

the fractional pattern.
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APPENDIX B

SUMMARY OF VEHICLE PERFORMANCE CHARACTERISTICS
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M48 TANK, COMBAT, FULL-TRACKED, 90MM GUN

Performance and Physical Characteristics Pertinent to
Desert Terrain Operation

A. Mobility

Satisfactory in all. terrains tested. Mobility tested in hard pre-
pared surfaces, rocky ground, loose gravel, alluvial fans, mountainous,
and (T48) in dune sand. On over 40% sand slopes, track slippage
occurred (TTZ-760/1).

B. Cooling

Cooling characteristics are satisfactory at 107°F, marginal at
115F, and critical at 125°F (ambient temperature). The M48 will not
cool satisfactorily above an ambient of 100°F in the low range, full
throttle condition (TB5-1401/195). Cylinder heads on the main engine will
overheat, and the main engine oil temperature will be borderline at an
ambient of 125 ° F.

C. Vapor Lock

The main engine operated without failure due to vapor lock, and,
although the fuel pressure to and at the carburetor reached as low as
0. 5 psi, no malfunction at the engine was observed (TB5-1401/195) The
modified fuel system, with the relocated fuel filter for the main engine,
operated satisfactorily during vapor lock tests and would operate satisfac-
torily at 125 0 F using MIL-G-3056 specification fuel (TB5-1401/195)

D. Endurance

TB5-1401 /112 TB5-1401/195 TB5-1401/216

Paved surfaces Satisfactory Gen Satis --

Alluvial fans Satisfactory Gen Satis Gen Satis
Desert pavement Satisfactory Gen. Satis. Gen Satis
Hill. or Mountainous -- Gen. Satis ...
Dust (airborne) Gen Satis

Temperature (test Gen Satis
ambient) Satisfactory Gen Satis
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E. Pertinent Physical Characteristics. (ST9-159)

Ground pressure (combat loaded): 11. 5 psi

F. Pertinent Performance Factors: (ST9-159)

Fordability 48"

Gradeability 60%

Vertical Climb 36"

Trench Crossing 102"
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M274 ([CM274) CARRIER, LIGHT WEAPONS, INFANTRY,
1/2-TON, 4X4

Performance and Physical Characteristics Pertinent to

Desert Terrain Operation

A. Mobility

The M274 has satisfactory mobility characteristics; however,
caution must be taken during dune sand (or similar terrain)operation to
prevent head slippage if the tires have been deflated for better traction.
Operation on longitudinal paved slopes up to 60% and side slopes up to
40% was normal (IT-5033/2 APG). The M274 could not traverse any

freshly disced slope at any tire pressure with appreciable speed (TB-
1401-458) Satisfactorily operated on prepared sand slopes up to 20%
gradient (TB5-1401/458).

B. Cooling

The MZ74 will coo] satisfactorily under most road-load and cross-

country conditions to 115*F, however, during operation in soft sand or
steep hills, engine oil temperatures will exceed specification at 100*F.
Full-throttle cooling has been unsatisfactory in all test ambients (95-104*)
(TB5- 1401/458).

C Vapor Lock

Vapor handling facilities are satisfactory to 125°F (fuel equivalent
to 8 psi rvp at 1250)

D. Endurance

Generally satisfactory under all kinds of desert environment.

Various mechanical deficiencies not attributable to environment.

E Pertinent Physical Characteristics: (ST9-159)

Ground clearance 11.75"

F Pertinent Performance Characteristics (TB5- 1401/458)

Fordability 18"

Vertical Climb 24"

Gradeability Paved 60%, prepared sand slopes 20%
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M35 TRUCK, CARGO, 2-1/2-TON, 6X6

Performance and Physical Chracteristics Pertinent to
Desert Terrain Operation

A. Mobility

The M35 with dual tires will operate satisfactorily over the common
desert terrain but is limited to carefully reconnoitered trails or prepared
roadways in the sand dune areas (TB5-1401/27). Slope gradeability tests
run on disc harrowed sand slopes indicated the M35 would perform satis-
factorily within reasonable limits, with the rated cross-country payload.
The practicable tire pressures with respect to grade and load factors are
(TB5- 1401/Y29):

5000- and
Payload - Payload, 7900-lb

% Slope Empty 5000 lb Towed Load

10 12 lb 0 lIb 5 lb
15 6 lb 10 lb 5 lb
20 2 lb 5 lb "No-Go"

B. Cooling

Cooling characteristics, while unsatisfactory in ambients above
lO0OF with the standard vehicle, can be improved to marginal performance
in 125F by using six-blade fans and oil coolers (TB5-1401/Z76).

C. Vapor Lock

Vapor handling characteristics are satisfactory if a submerged
electric fuel pump is used (TB5-1401/276). With a standard fuel pump,
incipient vapor lock encountered under severe operating conditions using
fuel adjusted to 8 psi rvp at 125* (TB5-1401/78).

D. Endurance

Functioning and endurance characteristics are satisfactory under
all environments.
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E. Pertinent Physical Characteristics: (ST9-159)

Ground clearance 1' 2"

F. Pertinent Performance Characteristics: (ST9-159)

Gradeability 60% (hard surfaced road)

Fordability 30" w/o equipment
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M113 CARRIER, PERSONNEL, FULL-TRACKED

Performance and Physical Characteristics Pertinent to
Desert Terrain Operation

A. Mobility

Excellent over all tested desert terrain - no validated test for dune
sand, but dune sand test of T113 indicated a totally unsatisfactory rating
(TB5-1401/400). Also, TB1401/400 (T117) indicates vehicle became
immobilized in a swampy area. Mobility on prepared sand slopes of 10,
15, 20 and 30% is satisfactory (TB5-1401/505/II). The TI13EI (TB5-
1401/505/I) successfully ascended a 37% slope at 1. Z2 mph at 9200 feet
elevation.

B. Cooling

115 F 125F
(below 3000 ft) (below 3000 ft)

1. Engineering cooling Satisfactory Generally satisfactory

2. Road load cooling Generally satisfactory Generally satisfactory
(rating questioned)

3. Cross country Satisfactory Satisfactory

TB5-1401/505/II (TI13El) states that this vehicle's cooling characteristics
and performance at 11 50F ambient temperature are generally satisfactory
at higher altitudes (9200 ft).

C. Vapor Lock

Characteristics were evaluated on early T113 and T113EI vehicles
and proved satisfactory. No vapor lock tendencies were encountered at
altitudes of 5720 and 9270 feet (DPS/IT-5175/I-M113 Preproduction Model).

D. Endurance

All endurance tests of the T113EI (TB5-1401/505/II) and Prepro-
duction M113 (DPS/IT-51 75/I) proved satisfactory.
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E. Pertinent Physical Characteristics

1. Ground clearance Floor plate - 16"1

Final drive housing - 14"

2. Ground pressure 7. 1 psi

F. Pertinent Performance Factors

1. Trench crossing 69f,

2. Vertical wall 24"1

3. Fording depth Amphibious
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APPENDIX C

SUMMARIES OF TEST REPORTS ON
DESERT EVALUATIONS OF SELECTED VEHICLES
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TANK, COMBAT, 90MM GUN, M48

REPORT TT2-760/1

1. Summarized results of full throttle cooling tests

Vehicle Engine Ambient Max, Cyl Engine Transmission
Range Speed Speed Temp. Head Temp Oil Oil

Low 2.1 2315 107 484 220 305
Low 102 2800 103 512 234 262
Low* 10.2 2800 104 516 237 Z65
High 5.7 2335 106 487 227 309
High+ 5.7 2335 104 488 233 311
High* 5.7 2300 93 480 217 302
High 5.0 2800 86 468 207 312

*Auxiliary engine operating
*Gun turned to front of vehicle

2. Vapor Lock Tests

Vehicle completed a five-hour run on fuel 0 2 psi rvp above
Ordnance Specifications in an ambient of 105°F. Tests were conducted
in Vapor Lock Gulch.

3. Mobility

Vehicle able to negotiate cross-country sand dunes course satis-
factorily. On sand slopes over 40%, track slippage occurred

4. Miscellaneous

The main engine air cleaners when used in a dusty environment
must be cleaned every four hours

5. Courses Traversed

Level dynamometer course

Vapor Lock Gulch

California sand dunes
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REPORT TTI-671A/1 (Test of AV-1790-7 engines, installed in
in'M48 tanks)

1. Courses over Which Operated

a. "Break-in course"

b. Track sand course

c. Muggin's Mesa (track dust course)

Z. Dust Course Results

a. Air cleaner failures resulted in serious damage to two test
engines.

b. Numerous oil cooler failures occurred during test

c Throttle linkages gave continuous trouble

REPORT TB5-1401/112

1. Summary of full. throttle cooling tests

See Vehicle Engine Max. Temperatures

Range Note Speed Speed Ambient Cyl. Head Eng. Oil Trans. Oil

Low 1 10.9 2800 97 495 231 263
Low 1,2,3 10.9 2800 97 505 241 268

Low 4 10.9 Z800 107 509 237 271
Low 2,3,4 10 9 2800 107 513 245 279

High 1 5 8 2355 98 495 217 301
High 4 5 8 2355 94 478 209 Z93
High 2,4 5.8 Z300 97 471 214 Z91
High 1 14 8 2300 99 495 215 Z39
High 4 14 8 2300 107 481 Z19 238

1 W/standard muffler
2 Auxiliary engine-generator operating

3 Slight running vapor lock during acceleration following this run
4 W/pancake mufflers
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2. Road Load Cooling Tests

Engine speed (rpm) 2800 2400 2000
Road speed (mph) 30 21 17
Ambient temp. (OF) 92 100 105
Max cyl head (OF) 435 407 406

Engine oil ("F) 219 207 204

Trans, oil (VF) 254 233 221

3. Cross-Country Cooling

Average engine speed (rpm) 2550
Average road speed (mph) 9
Max. cyl head ("F) 460
Engine oil ('F) 238

Trans oil (°F) 260

Mobility

1. Test Courses

a. Level., smooth hard surface

b. "Varied desert terrains"
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TB-1401/195 (M48 TANK)t

Dust

Dust collects on internal optical surfaces of Periscope MZOAI.

Results

Cylinder heads, on the main engine, will overheat, and the main
engine oil temperatures will be borderline at an ambient of 125°F.

The auxiliary generator will not successfully operate in an ambient
of 125F because of vapor lock and high cylinder head temperature.

None of the mufflers tested are satisfactory from a torching
standpoint.

The modified fuel system, with the relocatedfuel filter, for the
main engine operated satisfactorily during vapor lock tests and would
operate satisfactorily at 1Z5°F temperatures using MIL-G-3056 speci-
fication fuel.

Full throttle cooling and vapor lock tests were constructed on the
dynamometers course.

Road load cooling test was operated on smooth, hard surface.

Fire control was operated and tested on level and hilly cross-
country courses. Also, endurance tests were evaluated for these same
courses.

Test Mileage: 1408

Hard surface - 766

Cross country - 361
Hill cross country - 281

The M48 will not cool satisfactorily above an ambient of 100°F in
the low range, full throttle condition. The limiting factors will be the
excessive cylinder head temperatures in the No. 4 and No. 6 cylinders of
the left bank and No. 3 cylinder of the right bank of the engine.

Vapor Lock Characteristics

The main engine operated without failure due to vapor lock and,
although the fuel pressure to and at the carburetor reached as low as
0 5 psi, no malfunction of the engine was observed.
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TB5- 1401/216

The M48 operated in extreme dust conditions encountered on
Muggin's Mesa dust course. Dust leaked into engine. No report of how
the dust affected engine performance.

TB5-1401/357

The plastic fuel, cells on the M48 failed immediately after installa-
tion and under static test during the pretesting phase.

TB5-1401/284

Of four plastic fuel cells tested on the M48, two failed upon being
installed; the other two lasted 353 miles then failed. Repairs to the tanks
that failed were not possible.



86

M274 (MECHANICAL MULE) CARRIER, LIGHT WEAPONS, INFANTRY,
1/z-TON, 4X4

I. Max. rated load, 1000 lb

Max. allowable cylinder head temp. 525°F

Max. allowable engine oil temp. 270°F

REPORT IT-5033/1 APG

Vehicle was subjected to various engineering tests and was operated
over the following types of terrain (the ambient temperatures and grades
are not stated),

Pavement
Gravel
Level cross country
Hilly cross country
Marsh and swamp

REPORT IT-5033/Z APG

Engineering test similar to the preceding. Operation over the
following.

Pavement
Gravel
Level cross country
Hilly cross country
Marsh and swamp

Sustained speeds on the following slopes, type of surface, distance,
or ambient temperature not stated

5* Slope - 25 5 mph

100 Slope - 16 0 mph "Maximum sustained vehicle speeds
150 Slope - 12 5 mph not determined on 50% and 60%

20 Slope - 10 0 mph slopes due to engine malfunction"
30 ° Slope - 7. 5 mph

40 * Slope - 6 0 mph

"Operation on longitudinal slopes up to 60% and side slopes up to
40% was normal. "



ib

87

Temperatures at Various Loads. Temperatures not stabilized; tests

stopped to prevent damage to engine. Type of road surface and slope
not given.

Full Load
with Modi-

Road Part fied Cooler
Load Load Full Load Shroud

Operating time, min 45 35 15 20 20 25
Gear H-3 H-i H-2 H-2 H-2 H-2
Engine speed, rpm 4500 2400 2400 3400 4000 2400
Road speed, mph 26.0 4.5 7.9 11.3 13.3 7.9
DB pull, lb - 550 470 400 320 450

No 2 cyl head, *F 423 466 505 503 502 506
Engine oil from cooler, °F 235 250 297 285 280 288
Ambient temp. , *F 85 80.1 80.8 84.9 86.2 89
Wind speed(mph)& dir. 6-SSE 10-NW II-SSW 8-SW 10-SW 7-SW

REPORT IT-5121/2 APG

Similar to preceding. Operations are the following:

Gravel Murson
Hilly cross country Churchville
Level cross country Perryman
Marsh and swamp Murson

Fording depth - 18"

Cylinder head and crankcase oil temperatures given for three
vehicles for idle, road load and full load, but ambient temperatures
omitted

REPORT TB5-1401/458,, IT-5068/2 - Yuma

Test included cooling, vapor lock, dust, fording, mobility,
endurance.

Cooling

Borderline under the most severe road load and c. c. conditions

Full load, full throttle in 95°F cylinder head and oil temperature
exceeded max. after 12 min operation.
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Part throttle, 925 lb DB pull - at 1 mph in reverse on simulated
60% grade, oil temperature exceeded max. at 104°F ambient.

Road load cooling on level pavement - cylinder head and oil tem-
perature below max. at all ambients extrapolated to 125°F.

Part throttle - oil from cooler exceeds max. at 107* and 113 ° ,
extrapolated.

Towne's Pass, Engine speed 2700 - 4200 rpm, high gear range.

Max. Permissible Cyl. Head Temp.
Reached at Following Ambient

Elev. Time Amb. Cyl. Oil (Extrapolated)

0 1145 446 220 127
1000 1235 102 500 232 127
2000 1246 97 495 239 127
3000 1255 95 500 240 120
4000 1303 91 511 242 104

Daylight Pass

0 - - 470
1000 - - 515

2000 - - 525 No ambient stated
3000 - - 515

4000 - - 505

Overheated in deep soft sand, slopes. Oil sump temperature
reached 250 at 98°F ambient - extrapolated = 270°F at 118*F.

Mobility

Operated are the following-

*Prepared sand slopes - 10%

15%
20%

Could not traverse any freshly plowed slope at any tire
pressure with appreciable speed
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Average Speed
Sand dynamometer course
Paved slope 60% - tendency to pitch - considered unsafe
Sand plains 9. Z5
Dry wash 3.79
Desert pavement 18.50
Stony, rocky desert 2. 40
Hummocky sand 5.43

Vapor Lock - No trouble at 1150 simulated ambient.

Fording - 18"

Endurance - various deficiencies, not attributable to environment.
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M35 TRUCK, CARGO, 2-1/Z-TON, 6X6

TB5-1401/213 (M35)

5000- and

Payload - Payload, 7900-lb
% Slope Empty 5000 lb Towed Load

10 l lb 10 lb 5 lb
15 6 lb 10 lb 5 lb
20 2 lb 5 lb Not negotiable

The slope gradeability tests were run on disc harrowed sand
slopes and indicated that the vehicles would perform satisfactorily within
reasonable limits, with the rated cross-country payload. The practicable
tire pressures with respect to grade and load factors are as above.

TB5-1401/27 (M34& M35)

The M35, with dual tires, will operate satisfactorily over the
common desert terrain, but is limited to carefully reconnoitered trails
or prepared roadways in the sand dune areas.

The M35 could not negotiate the /0% prepared sand slope with any
payload.

TB5-1401/276

The six-bladed fan did result in a cooling improvement over the
five-bladed fan. The coolant differential exceeded the 950 specification
in L-1 gear at full torque engine speed (1400 rpm), and the engine oil
temperature in the galley was borderline at maximum horsepower engine
speed (3400 rpm). Transmission oil temperature is critical during opera-
tion at 2400 rpm and higher. The engine would not properly cool under
conditions of high ambient temperatures. Modifications were made to the
engine and cooling systems which improved the vehicle's cooling charac-
teristics; however, they still did not meet Ordnance requirements.

TB5-1401/213

The standard vehicle equipped with the experimental oil cooler
provided the best over-all cooling characteristics; however, coolant
differential and engine oil temperatures were still borderline during the
more severe operating conditions and would exceed the cooling specifica-

tions at 125"F.
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Ambient Oil Gallery Coolant
Gear rp Temperatures Temperatures Temperatures

H-2 2400 880 - 91 OF 228 0 F 180OF
H-2 2400 910 - 960F 223*F 181 F
H--2 1400 960- 100OF 215OF 185OF

TB5-1401/78

Incipient vapor lock encountered under severe operating conditions
using fuel adjusted to 8 psi rvp at 125*F.
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DESERT TEST DATA - M113 (Carrier, Personnel, Full-Tracked)

TB5-1401/400

TI13 (Code C Air Cooled Engine)

The performance of this engine-vehicle combination met environ-
mental criteria (operation in an ambient temperature of 115°F) projected
over 90% of the vehicle speed range and would have also been satisfactory
at 1Z5°F,

Average Swim Speed - 3. 86 mph

Prepared Sand Slopes

Gear Slope Gradient
Range 10% 15% 20%

1st -- 6. 51 mph 7 Z0 mph

2nd 9. 12 8. 55 5.82

3rd 7.02 5.16 4 Zl

4th 4.72 2.88 No-Gol

*Lack of power

Operation in California Sand Dunes was unsuccessful, as the vehicle
was frequently immobilized because of track suspension inadequacies.

Characteristic Sheet for T113 Carrier (TB5-1401/400, p 5)

Performance.

Max, speed 40 mph
Max. grade, 60%; Side. 30%
Max trench. 66"
Max. vert. wall- 18"

Cruising range 200 miles
Max, ford depth Unlimited

Ground clearance is 15"
Ground pressure (psi) 6. 7
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TB5-1401/505 Part 2 Environmental Test (1958-59) (Tl3EI)

Mobility Tests - Prepared Course

T113EI

Percent grade 10 15 20 30
Avg. speed, mph 8.7 5.9 5.7 2.6
Gear range 3LV 3-Cony. ILV I Conv.

Maximum speed at sea level was 36 8 mph and 28. 0 mph at
9000 ft altitude. General performance and functioning were satisfactory
up to 11, 000 ft altitude.

The vehicle successfully ascended a 37 percent slope at 1. 22 mph
at 9200 ft elevation but could not ascend a 40 percent slope.

Cooling characteristics at 115°F ambient temperatures and per-
formance of this vehicle at higher altitude are generally satisfactory.

Mobility and dust characteristics of the TII3El carrier were
satisfactory for summer operation in the desert.

Courses - Yuma

Paved
Gravel
Level, cross country
Hilly cross country
Dust
Sand

TB5-1401/400, p 44

Swamp. The T117 (similar to the M113) was tested in an area along the
Colorado River covered with swamp grass and occasional small brush;
the ground (alluvial silt) was soft and damp, saturated but not inundated
by water The vehicle was able to maintain speed (est 10 mph) for
approximately 150 yards before becoming immobilized. Once speed is
lost, continued movement of tracks results in high-centering of the vehicle.
and immobilization from hull-ground contact. It was unable to extricate
itself

TB5-1401/505 Part 1 Environmental Test (1958-59) (Tll3E1)

Standard Slope Performance The T1l3EI (2400-lb GVW-185 hp) ascended
a 60% slope without difficulty. The service brakes would not hold the vehicle
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stationary for more than 12 seconds when ascending - braking was satis-
factory while descending,

Obstacles. Bridging vertical wall obstacles up to 24" in forward; only 18"
in reverse.

Test results indicate the vehicle will cool satisfactorily at ambient
temperatures of 115*F. No vapor lock or hot fuel handling difficulties
during starting or full throttle operation at 115°F.

Sand dune mobility - track slip prevented ascent of slopes over
30 percent

Courses - Desert

Paved

Tank gravel course
Tank level course

Country course
Tank hill course

DPS/IT-5175/1 (Preproduction Pilot M113)

Slope Performance

Speed, % 5 10 15 20 30 40 50 60
Sustained
Speed(mph) 22. 3 14,7 11 4 8 4 7.3 3,8 3.0 2.4

Transverse 5th 3rd 2nd 2nd 1st ist 1st 1st
Speed range LU LU LU LU LU Cony Cony Cony

Full-Load Cooling Full-load, full-throttle cooling data gathered in
ambient temperatures of 95°F to 109'F and extrapolated to 115F show
that the vehicle power train components will. cool satisfactorily

Road-Load Cooling ---- engine oil, differential oil and engine coolant
temperatures will be marginal at 1 15°F under maximum speed condi-
tions.

Altitude Vehicle performance at altitudes of 5720 and 9270 feet was
generally satisfactory - no vapor lock tendencies encountered
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APPENDIX D

DESERT ENVANAL CHARTS ON SELECTED VEHICLES
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EQUIPMENT TESTED: TANK, CORUAT, PULL-TRACMD, N0MM WKN KOS (T49)
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eum#MmE mIwan u*"-woKTEio FUEL- ELLS-.

(U) SUMMER 1955. iK
j( Uf/ 

5 7

LINE ITEM NO. 406 STOCK NO. is.-lis mc TYPE CLASSIFICATION: STD-6 OTCM REFERENCE: s.a-c; e.-;aM.;eiu

*:M1A-1 0P '.or ....A. . ENVIRONMENTAL FACTORS

:11I .r...... . ..1Ict ryt .. d
..... A ISac CIra Dt 92 F.. G U J K L 0 P Q t5 V W X

... a.. r t .fac-,:I... K1"d .. Ibs ...... .r~.. _d.

1cIaaga .c .. 1.afat4 by da ., ral. la.b. .t

.Mav ... boaaa d . lack .4II,... 11. £cd-t.c. adU

TEST

AMB.TEIP. I 6.6.I

T Y PE CL wEXTENT > at j as

tENG COOL' NG 0 IS4 1071 I-- -----

L V ILK 
I -0-

4FUNCTION'G L* - -.-- .

to__ ___ TI - M i ---- --

LFUNCTION' GKKUtomi momm 2 -414 w - Jjj -10 3 _- 3.* *---

JL END' NCE cAmT wom gmum _L _m:g-

*6 Lamm.= L. d.

IL RD COOLNO L - S 103 I----------------I - - - -

12 .PJ 0L .t..... I iI I ml

L4 FUNCTION'G I----------------------

~ENO COOL NG~~ ui L~ KAL t------------------O

VPUNOCOOu..uSa mummawuJn I* @

IL 1ENrPCOWL'NGsTs wm.L I - 90 ------------- I
VIM LK .mpmor P1a. aEY&i M -_AIL -- -- - --_

.a EIN,~B' met m~1 -- 2

AL VP LX Am~Any gommKemsIE 1 go-~ U.------------

COVER)
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TANK COMwAT, FULL-TRACKED. 90MM GUN, M46 (T48)

ENVIRONMENTAL FACTORS

AB9C D I F GN I J K LMN 0P Q RS TU VW XY I

u51

TEST z S :
AM@. TEMP. > s

aw aa EEMINMAT 

I~ 
Z t;~

NOTES
NICKNAMED N PATTON6 4SS

I No 06 P KENGINE OIL TEMPERATURE MAY EXCEED (SLIGIHTL-) THE ALUOWARLE LIMIT AT MAXIMUM SPEED (2100 EPMI IN AN AMSIENT OF 185 DEGREES.
MINIMUM SPEED LIMITED TO 2.1 MP PI" LOW GEAR AT AM.IENt OF 1*7 DEORECKI *Y TR*IJSMISSIO OIL TEMPKMATURE.

2 N, 0, P INCIPIENT VAPORE LOCK ECOUNTERED ON FUEL ADJUSTED TO 0.2 PS R.YE AT .1 D.EG. RATING INVALIDATED ST LATER TILSVS (SEE
LIDE as).

4 ALL AUXILARY 0GENTEATOR UNIT 0OE0 NOT CEVELOP RIATED POWER. SHIFTING DIFFTICULT. DUST AD SAND CAUSE STICEIDO OP THROTTLE
LIEEKAGEL. RATINGS INVALIDATED ST DESIGN CHANGES.

5 ALL 0409 ROAD WHEEL JUIN FAILUME. RATING QUESTIONED RECAU.E FAILURE WAS RELIEVED TO ME RESULT OP FAULTY MATERIAL MATHER THANS
1EIONMNVNAL STMW.S.

6,8 ALL RATING. INVALIDATED: CAST IRON RINGS NVPLACKO0 WITH CHROME RINGS IN PRODUCTION ITC-.

9a 7.8 REII DC.41 OP tHE .IDUCTIONl SY.so, .- EA-241 SSTEM , AND VILLER AND DIPSTICK CAP ALLOW SUFFICIENIT DUSTY TO SERIOUSLY
LOWER TNGINC DURAILLITY. RAT..G. QOE TIONED 0ECAL09t EIDOIIAVIOI IMPR1OVEMNI.TS.

S ,N: 0, P MAXIMMUM CYLINDER EA M PEATR ErASILIXE0 At 111 DEGREES1 1"I 111 01EGREES AUN1"T OR CROSSo-COUltRY COURSE.
7 ,N. 0,p P AIMUM CYLIDRM "AD TEMPERATURE 11TASILIJED AT MS5 DEGREES IN 110 DEGREES ANGOENT ON *ARDE COURSE AS COMPARED WITH HIS

8,9 N:, t ECHROME -TED OIL CONTROL RINDS APEAN TO -NC19A0E ENGIDE CITE.

10,11 N, 0P COOLED SATOSVAETOGELY At-T. MOEEATURK 1 VTt~ST; NOWCVER. DATA INOICAlTHVAT CYLINDER HEA43*AND ENGINE OIL TEMPERATURE

12 N, 0P VAPOR LOCK EXPERIENCED WITN P-rL ADJUSTED TOl MSVRP AT 12% DERES.INIPItT LOCK EaNCOUNTEREDL ON TUtu Or S Pall MVP Ar
, DERE . RESULTS ARE REPORTE TI" IN S-EI/000IR). RATINGS IN0VALIDATED StE LATER TESTS (SEE LINKE 2S).

14 0. FG 1 t R pt DIFFICULT, HEAVY PRESSURE REQUIRED. FRESUENT CLEARING REQUIRED TO PREVENT DUST ARC SAND EROSI S1ND.N- TR.tTLE
LIKG.TRACK WKER HIGH. RATINGS GUESTIODEDl. t., ENGINKER STATES ToLAT DEFICIENCIES NAVE SEEN SUSVANI.ALLY 1M-

PROVED, EXCEPT POR TRACK WAR ON S.ONY DR ROCKY 41ROSJ..

15 F, N ONE S-C ASSORSER. AND, ONE. GEEAO REAY -A-U.

IS N, 0. P CM-LE SATISTCT LYA TMEA Or CT TST. OATAE INDICATES OIL TEMPETATUME WOULD EXCEED GPECCIPICATIONS AT Ill DEGREES

18,19 N, 0, P ENGINE OIL AND CYLINDER "CAD TEMPERATURE&S AREl OoEDffRLINE UNDER SOME CDNDITIDKS AT ASSIENT DIF TEST ARNE WOLL ESCEED TOEM
OPEC ITICATIONS AT 025 DEIREES AMSIEDY., THESE N. TEPRAOE WERE OIOE WIO .OT. ERPERIMENTAL. MUTT"L TIMLI WIT
TOE STANDARD MUFTLER. TRANMISIO TEPEATRE WERE... SLIGNtLT REDUCEDa.

is N, 0,P RATINGS INVALIDATED NECAUSE EXTERIMaNTAL MUTTLtfRS WTRoo NOT INPCORORTED INTO PRODUCTION ITEM..

20 N, 0, IS FUEL ADJUETE K TO ESUIVALEDT OF * PSI NYP AT 195OEDRI. ES.

22 N TORON1ING OP STANDARD AND EXPERIMKNTAL- MUFVLERfS AT "ION LEVEL. TIRESTORE MOTTLER LITLYa- SETTER. NOISE LEVEL OP0

22 A, F,0G, U FRONE RoIGHT ANDE LEFT R-aDWOETEKL ARM DESIAG PERMIT ROADWIEI INTERTERPHEE WITH THlE ROAD ARM SUPPORT SRAcRETe 0E TIME
WH"EEL RESULTING IN NUMEROUJS SEFARINGI ANO SEAL ALRS

22 F,, ft CONTROL LINEAGE. STICKAGE IS CONSITANT PRIOSLEM IN DUSTY CONDITIONSa. RATINGS QUESTIONED SECAUSE OP DERIISO IMPROVEMENTS.

OTA STATES PROSLEkM STIL L EIR RUT IS OF MIORMSNTUE

23 A, F,G, U NUMERUS FA.LUNRTS OP TRONT ROAD WEEfLS RON THEIR COMPONENTS.

24 Fe Ca No ft DUST ACCUMULATION ON MIGA. PERISCOPE UNITY POERFE PRISM REGUIRE'S FREQUENT CLEANING. TIME REQNUIRED TO ENGAG A STATIONARY
TARGET DOTS NOT MEET SPECIFICATION RQUIREMENT OP S SECONDIS TOW ER MILO ELEVATIONt ANDI 3 ANIMUTIILYOT

24 N THERMAL CHANGES CAUSE A MEASUftA LE ERIROR IN THlE ALIGNMENT OPV THE TELESCOPE, PERISCOPEp AG IGE (TiIRI MSSA
AND. T-1. REPCTVL). FLUID ON-I-N CHARACTE RISTICS SLIGHTLY SETRTHAN ID MIL.S.SX0

25 N COMPLETE VAPOR LUCE WITHIN 7 MINUTES OPENRATION AT FULL LOAD. ST-PASS MODIFICATION DADs NO APPAREN.T E11T.T

25 ALL DUST LEAKAGE WAS PESENT THROUGHOUT THE TEST PRoOM THE HSEa CONNECTIONS OP T049 AIR CLEANER TOL CARSURECTOR DUCTS. DUST
LEAKAGE, AT OTHER LOCATIONS WREI DUE TO LOCRE NOTE AND FITTENGS.

27 ALL TOE LOW VISCOSITY OP THE ENGINE OIL (0I 30) WAS THlE PRINCIPLE FACTOR OP D GREATER T"AN NORMAL D E411NE WEAR.

- 28 ALL "COMPARIS OF I THE COILING CHARACTERIRTICS OE TOE VEHDICLE EQUIPPED WIT" THE STANOARD MUTFLER OR EQUIPPED WITH PAN CAKE
MUPFLERS INDICATE THE ADRANKEM MTS WI NE SU.SSTANTIALLY EQDUAL. DURING TEST RUNS WiTH tAC T"PE OP MOTTLE9R, THE
CORRECT0EO TGINE AD TRANSMISSION TEMPT RATURE S W-90.0E CRITICAL, VALUESg FOR TOEt MAIDNITY OP TEST RUINS. E

29 N -tECEL
1

A RUMI I RE OATISEACTONV.LANS~~ ARE CAUSED ST I-IT -0--IN. AGENTS.,(LAYERS OP MATERIALS NO-0 TICENL
OV-T TI., TolR ADD IN...ETICIENIT I DE DISTANC ION PITTING. AT LAPS* AND ..OIS. (SIMILAEN RESULTS SNOW DURING ROTH

TEST. EATING INVALIDATED SI-CAUSE C LLS WERE NOT INCORPORAETED INTO PRODUCTION ITEMs.
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EQUIPMENT TESTED: CARRIER, LIGHT WEAPONS, INFANTRY, 1/2-TON. 4X4, KU74 (Xp274)

RXI'T. RDEOR LOCATIONTAND EQ--UIPMENT MODIFICATIONS INCORPORATED SUPPOTI
REP. NUMBE YEAR OF ES INTO TEST ITEM ANDS' I UIIE

TB5-1401/458 YUMA TEST STATION ONE PIIC-PROCucTlIsN VEHICLEw MoIP To am NERARLY THE NLOS PAYLOAD

(U) SUMMEER. 1657, 198isZ SAC EN RDCIO OEsON EUA

INE .IlIE . : II~ 405215.,c. SO CK.. cauO.:E -G ITP LSIFCTO :ST - TC1RFRN E

L, lo.,dl, . to.. 4sal, a s most.V opIskdloI ol EN IR N EN ALF-T R
Io, b..d .lp~.1. ...ba ;I d.lk-. d -w ,

_ _jw~c d.(c d........ St. Aooo~~ Icol C* b0.1 E II.I J KL,. I S T U V

TYP AM..MP 1. .0
KoblEXTE 4ht0-1 l4o' tt-.

d"I'sIN AX -' ...I. p'- I
s-.1 d--

:8 'a IF * * a..
__________________Z :3. 1' '.5 g

NOTESt - F
I N, 0.. Po UNDE .. L.WOTL CONIT..S T U. 49IE OEH*E EOE TIIE A U TSLZT OCRE NALPEAL

2 , .0l Is VEwCL COLDSVSACOIYUDR L ODL

2 4.NO..U OR DA *R OAIG ASAPIE o IMLAETH E'PC o *- ECET L~l~TR EMERTREOPT§EENINaOL
WHLE OP RAIN A IOPI N EV RS, ~ t24 D GR ES AT AN UsI T AIR G E S

3~~~. IN atPP 
R Q I A E T V l S V T Il D O E S

4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a H9 VEIL NISTDEULO ETRMSLT HNTEIS0TN OA RC.ANPITR RSUEWSPUDT RVD
TO ETPRORACRTWA 0 O IN AO SANLP WIHRULDINVUETMSPatINO RETUS

NO IN O M T O AV IL bL AN TI TE T P R O M N E WI H M N E L T O



(.5 ___ ____ ___ ___ ___ ____ ___ ____ ___ ___99

EQUIPMENT TESTED: TRUCK. CARGO. 2 1/2-TON. GXG, M35 (XM365)

REPT. SI NPE' LCTO N IPMENT MODIFICATIONS INCORPORATED SUPPORTIN IUIPIMENT
REF. NUM R _________________________ INTOTESTITEMAOR ______V_____

UrA fEIrV LATEST PRDUCT10K TYPE OV90-RUNNIN* CLUTCHS PITI TRAILER (4OO "s ORO*$ WKISH,);

U 3 ~~SPS4RAY EECTRIS UL.U.PS ~ I0 WE A LOAD

(U) SUMMER SL5 LUNA OOP TUR ACKNO INOOLEA O OP

ELCTI FUEL FUMP.

LINE TEM N.: *~~ STOK NO. ''W TP CLASSIATO: 'TI- LaC REFEENCE 2: AADi
~~Y~li ~1.1*SUMES, .11003.Ii4 . ....i..0 . ENVIONM NTA FACOR

(U) 30. J..iio. .5..1. FUE PUMPE.1. .8 NYC.. 30.

(u) SUMMER. 1955PflL.MINAT'l.'I. c pAN*.F ,..o. II. 85 d*..OILbyOOLS.
*i..hlod. ~~~~0 Tamp. *.dT SNAG cool.,..IO orp. AOdlK..~sIi.. ~l

U?*~~~~~~~~~~~~ lgI..0*r If.a MOUNTINGti .0 op ... d OB. ~qI. I
OcECI. ~ ~ ~ ~ ~ AS GCooTO high- 

0
cop...iK. osgi..IO CA.PiChoMhcl . 9Kw,

50.5 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I (SLohCi. Or~kKO .00,4 VI. fiOSdcNAli.. hs kO
I. ~ ~ ~ ~ C RT I FUEL PUMP OrNc .. cPXpI Am. .i. *us.. k~oI~~~..E50

30 dl tr..f534nhlc. mseS.11:0 K 0 .oI. i,.. :

______________________U -. 1-1 (, EN IO ME T L-AT R

ALUIAII 12' 4.,.6

- 2- *
- - - R P U * U - - -U IN

AMII. N' Al.- I ;~ .- I 40 L L I - -- --r-

Pt MIN. MAX. >

:1 ENDNC 2 OZ P~

MaTYH KNGOm'o,~. L

A- In U lO I I

M'Sas IV. Is IAS*S I 2

I ~ ~ ~ ~ ~ h I- I.. f - -- - _ il
Ai~m..., £ 77... u I I* II RO

III COOI Mni .1 L - JL- JL L-

4=. -i - JAL-
./~~Lu LL GUI* 11"15 w I~.. U * ~ . .

COYER



( 100

TRUCK, CANSO, 2 1/2-TON. 6X6. 0,05 (XOS)

NOTES
I JUISUPPIGSOST TOSS SEWL9STION AT I PSI TOSS PSSSSUOSS. IMPSUSIN VALVE STEN FAILURS,~ EVIDENCE UP TeO " 555 LIPPAS. SaTNS

INVALISAYSS B TERU TESS. (535 Lima 111)

I J SOUlaIsSS IS PSI TOSS PSSSSUSS. SATINS INVALIDATED STV LATo T111TIO. (0SSS LISE MOll

I K.L "VERY NOST OMUTES BECAUSE UP RX06SS1VK TiSS SSFLATIO. S ATINS INVAA.ISATSS BY LAWS TESTS. (555 LOSK 86)

2 H 000P"OE WITN SSSLATSS DIFFICULTY THOANU 064 MUM." S ATINS INVALIDATED ST LATER TIOSTS. CORE Lima it)

2 .I NgOO6IIOS 11 PSI TINS P55550055. SATING INVALIDATED ST LATER TESTSG. COSil LIKE 411)

2 K uneUgage 10PSI (FRONT?) ̂ S S sells CHEM8) TOSS P5550005. SATINS INVAUSATM BY LATES VTe. tons LOSa On

2 L "TaET NUT GSSIITU 500 SO UP OF MOSUIT TOSS MPLATOU. NATIN IOSYALlbAYNS 111 .0,55 TESTS. tUSS 161=5 0

3 H pgSPSSNAimpa INSGNSON " UNM.55. SLRNS SE*VOSES To SOSOTIAT SM .555 50508. 58AP.05

3 1 110011211 0. POO TOSS PRESSURE0.

3 K ISOSUINSSIIII Pas TOSS PS9fuSSUSS.

3 L -osy NUT SUsoSuSYS 5508605 UP assesoo50W Tons awPLATOim."

4 H VIIAV6L IS SAUDS SIUSSG UO"TIGI"AOUS.

5 Us K CUSOLING DIFFICULTIES SSPESIISNUSSII.

5.6 0, P ETUAPONATIUS OF MATINS(*-.

7 N, 0. P. X DATA ISNLIV.SIAS VARIOSIJ UNSATISPAIW GOOLINS SOSITOSS. SATING ISYALISATION.

I N, 06 P. X So&"ae S RCOLANTDIFFERENTIAL 111ts; MYONINGE SOOIS OL TENPERATURE AT In BROKERS AMOIST,.05 IUDEO 4861 FEET. SATINS

9 K. 0. P ONSOPOUST VS LUCS U"S86WYSSS UNDER SVERE UPSOATISS CONSTON UOS FURL ^&MIST"S TO S0 OOMV AT 0IN Damon".

I0 N NO VAPOR LOCK TONOCI4COSO. PUMP UNPOILIOSUS.

11 A EOSUIWS PSUPT TIM OSSKA1. AVUSASOI LIPSK-LAPT VSUST NE ISLS; SISSY FORUST BODULas.

1112 P EXTWAF8.ATiOM WP "TIMOR I Is I2-U. SATIO UP US=05.

13 N seeLAST AiMOKIN0G OL T11NPSSOATURS EUEN AiLNMABLA BOPPSSSSTlAAS. MAX SNMUOIL50 TUNP9"uSATm* WAS M SSMeSo* iS 86 GO

ANBIENT. SATINS INVALIDATES ST LAWTUB"~. (GEE LOSS 01-41)

13 06 P EXSWAPIDUATOUS UP SATINS 19-S. "ATOO UP 9:1 MSO. SATINS ISYALOSATUSl SYTER TUBT". (SEE LISS 86-4)

14 N SOAFPLaf INPOOTSS SUSLONS SNAOTESISTIOS ONLY SLIUNTLP. "ATOM" INVALIDATED ST LATWS TUSTS. (Sn LISOl "-or)

14 06 P EXTRAPOL.ATON UP SATINS li-S. RAIO UP 1:0 1USS. RATIN"S INVALISATES ST LAWSH TOUmTS. CSS LOSS 10-11I)

15 N IN M-41 SAS AT lOIS RPM VMS MAE 080 ONIL G6 ALLOST ANOGGSIAWS WNPBSATIOUSMOMS Al5 l S OS SOS AM HIS SUSES. SSspinTIVEIT WHEN

UPEMATIO IS ANBENT UP 14-0 SESSES. TWOE MAS K5MME OIL 04AXOT.m TSNPCSATNS 505@N= MSM 0 S ISg 00. SGAS. U. IPut OS
811-4I 55 605 ANSOSUT. SATINS INVALISAW0O ST LATER TESTS. (Su8 LOS80 211-411)

is 0, P SSTOA6PSOAT1IS UP SATINS 19-14. RATIO UP 0:0 1USSR. RATINSe INVALIDATED ST LATER TSTS. (one Lomas 86l-47)

If N TNS wtIN U MPES SAMS Abs 1055550 UP USLAT W"PSaTIDSS or S 55405550 AT MI RPM BEG05S SPEND TO BY ENMOSS AT 10 UPW N3505

@PENN. SATIM@ INVALISAWS11 B STo AWSisT. CUSS LOSS 811871)

is 06 P SSTUAIPSI.ATIGIM UP SATINS IS-". SATOIS UP 1:0 1mpss. "ATIM"O IVALIMATMS, MY LAWSR TESG". (ONE LINKS 811-41)

17 N, 06 P ENGINE OIL SLLUST TUISOATIU11 SOM*NRMSIS AMNOSUO OIL M6 5560 IS A0SN"T WNPSSATSSS UP 008-108 SOS

18 N 555055 SIL TENPERATUWOS BEDROOPUM CRITICAL AT N0I00 RPM, LOW OPSSU. MAN WAS O M B=S AT * NPas 10 SUE AmaOEST
TSNPSUIIATO8S.

is 0, P SSTU&APW".TiUP UP SATINS IS-Se. SATES UP 1: 1 USD.

IS N, 06 p S111166S10S ft.0 2 STANS MOTOR P005k CSSSUS-OS, KOCKU-T NSTNS) SUS WELL LOAS PULL VgSTW8.O USmoOTIUS IS a86IGT

21 N, 06 P ENGINE STALLO AMR eASehDSS PLUNUSS OUSL 85k AsJIT TO I PSI SWI AT IN86 M

22 J. K. L oSUnse SSSk A. MY AiNS a P"I TOSS PUSUoeSS. wsoPSTO5LT.

23 J. K MaSSUMSS 0. .0, ASS . PSI TOSS PSSSSS. NSPEOTIVELT.

2d L COWLS UT SOT.ATC.

z22 23%
24 J. N. L A A P111 OS? STSSSNS.NINS ULMTS RAMNS "EFFET. (MfO WITS AIS WOTOONT.)

23.26 ALL NO S1TATEMNTS IS SSpUSTo OSSSPUSE ASUD To so @ATisrATST.

27 N ROU 0-805 A O 56Yk ISA COOLINS ONPSSTSMSST OTISI TUS PIVUSLASSS PAN. TiM USSO.AS OPSETA 5055 N

:Manage UPUSIPISATISS, IN k-I OLAS AT PELL 1600005 ENDIS S WE (10 5PU) ^M TH NGNSE63 OL TSNP3SATJN10 IS11 NS ALLV WAS
ammSULinit AT sousuilwssNoepoa BEGIN$WE 5000spa"U (am8 SPIM). WRAOOUNOSISM OIL TENPERATURES Iso DITISAI MUONSO USUA"Tom

AT 055 M U .10=05. .708 TSASSPSSSS OSIATMT SOOOIMI T00 nUSASST*Tl "AVGRAGS CO*T
OIPPSSSPITIAI. WAS 0 0ll MS~EW.FN 05-I SASM AT 0486 .PM.

26 N &^.as As SATI08 11-S0 TNS OSOLINT SPPSSSTAL ENSESU UPSUIPIATOUNS OS A"l WUT? MaeS wow5 "in SNUoS seWINS ""emNuN T5555.

29 He 0, PS s0e55m SwiSSS ASS UASSIOSSW PLO"$"N ATTUISISUS ie 118 I.ATIS GP TONS FEEL Lima5 USSSI5OT WOT" 55555 is vn SNINS
cSNMUT AS OP0O*. TUSTIL WT S U SlIM" Tell8 SIW SI AT 086 SBOMSS. SATIM* INVALISATUS 5650560 MS.SAIS UP ME0
LS LINE:.1M, 0W "COSI. (MRS LIMS 86)

30 pi :T*IN WNOSS500 NUT PROPC LT CO5O. ~SOS OSUOTIUS UP HOS" AMGISNT T3NPSAftTWOS NSSIPIOATIUII 5555 "M* To 50 ENGINE AmI
OMINK SYTEMUS WH055 I MPROV60 WE VSMOCLSS 5050.050 aowAioTEiesTI H5OWEVE5 THlEY STILL 010 SOT DOUBT USSOAMOU leUOlsS-

30 0. P SOTSAPOLAION TO TNPOOATOSOS.

31 N *TWSO SSS4SS PAOLSSo wave EIOO msS IS THE Hong30 TIWS ^iSO OM0 SMGINE FAILUE OCUIDSS U.005 Tio. PULL-THOTTLo PULL-LO

SOSINS TESTS Boeing A PISO.S DTSAMO6SNSWto WUILI UPESIATNS AT MAOOISIIN =MUSPED 605

J06 31 ALL. MATINUS INTALOATS. S NIS AM8 IUAMNOSSOUU WHOSE SSUPSSNSTAI. S *US 9US ST0'AVE NUW 0530 IOSSPUAWS111 I se &AMSLU.
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EQUIPMENT TESTED: CARRIER, PSERSONNFL., FULL-TRACKED, M113 M1I392)

iEPT. RWEPOR LOCATION AND EQUIPMENT MODIFICATIONS INCORPORATED SUPPORTING EQUIPMEN
RFF. NUMBER YEAR Of TEST INTO TEST ITEM ANDOR LOADS UTILIZED

0 T115-1401/400 YUMA TEST STATION Tu icll CEW/ TIE TU"N COMSAT LADEDo

~*-d~a~ SUMMER, I1958T NDS P ET

It TW-40/ YUMA TEST STIONTa" T111111 VEHICLE. SRINK MODIFIED TO INCREASE OUTPUT TO LOADED TO ad, WE GVW

No m,- M 4, TUMIYYTigivi T1118E1 VENIOL. MOOIF1IETO OLOBLV 1411111101111- THE MII& -

-~ ~ ~ PfEPEOUOTIOH Mill WITEIWO-#X n.DWIDIE so, LU evvo

LINK ITEM NO.: dOZI STOCK NO.: now-es-ovs ITYPE CLASSIFICATION: STO-A IOTCM REPIrRNC: _MEW-.,= urn-.:

SaUMR OF FORSINIFIR.At...,,. : ENVIRONMENTAL FACTORS

.I.
4

8 lrit. O. Il Im . ... .. h A I -

t,.. . U d-n I .c.f h au aII ... .p..I 1.1..

TI ISI ,ahlcl_ 1 ... .l.Ioy n1. w

TEST ___ z C-Z C Z. -

TYPE AMS. TEMP. - ;

_ _ _ _ _ _ _ _ 1 'ETN MIN. MAX. t; -1 z >~h~

It m I U I U U I U - - K

~~ ENG~~9k-#L III - - - - -- - - - - -

Tj rN ISu I*It.Ut.

A j -I L4KT as IlaL-

I. UNCTIn4' a MILES ii t. -- - - - - - - - - - -

lFnurz - all.

J6 I eL42rT -- IMM - l

JLVP LM- -- -

IL FUNCTIOGGj.

j~ENS C001-1NG 4 .- L i7 . 1 - - - - - - - - -

u- at$ TV U E l E H E E

'Z ENG COM NO 3e ~ - - - - -S-- - -

IL cgws COUNTRY coow r,_L!* _ ----------------- L _M

A _____ -a= .00.J LL-------------

U.tTVS 10

(ov-ft
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CANtRI~R. PERSONNEL. FULL-TRACKIC MIIS.(TIISEZ)

1' 0. P ENGINE OIL SLIONV..Y BXKOESUO 8lK mEGREES P R94MiUEMKNT WHENi EXTRAPOLATED To III DEGRmES F ANUi amuue.s F.

3 N. 0 - THS MAXIMUM OCTAME NlUM06R WAB 44.8 AT AM ENGINE SPECS OF WO APM.v

4 N. 0. P TESTED WITH FUEL. AD"8UE TO 6 Pi AT 119 cuomumS F. - THE VEHICLE WAR UHA6B TO SuLiVffm SPiMIEHYIRN PUEL To PumliT
SATISFACTORY OPER1ATIOC AFTEm ROA PRmIce..-

5 H O6PMRATIOld IN GALIPORiIIA CANS swium WAG UNGUoouooFUL. As THE TeST vEiICLaS wcag FREQUENTLY imHEmiLE. w

5 ALL - m OLiTY or Tile Am c ouw OULof iMPnoVC mv ADDING A WisuS TRAC.'

4 M AvwNAMK WATER SPEED IC A." upH.

6 R OUST LOADIKG OF THu AIR CLEANER DURINC DUST GONOu *PumATiom DID HOT APPEUT aoelue Pem.oUM~mou.

7 ALL NCOMPONENT iMPutovuMuMy Suguimum FODm GuGPKMGi.K. HULL. AMC ENINE~. C

a ALL JOTCmieOFOA.H16H ?uMPAmATUCEC, HGISu LAVuL, oCAmCss @ZATWC GPAu.S

I THCU a ALL :AYl AiKSC HVA IDATEC TEST ITEM WAR A Til11.

9.10 N IIALiMIHARY GOOLiH TSDTS IMOiGATED SATICFACTOWT EmuluNe CDOI.

UI N V APOR LOCK TESTS CEVuALCfO NO FUEL HANDLING PCOSLCMS.

12 N VCHiOL Si DI OT MEET A MPH WATER OPERATION muC18iLuMENT. 4 (TIG N94C@iCKmUT WAS LATIRm mu"i"E. I

13 ALL CMOSILITV GHAAACTRO1STIOC AMR SUPERIOR TO HM"~

9 T.mu 13 ALL RATINGS INVALIDATES. TCCT VEHICLE WAG A TiIB6i.

I5 N. 0 F~U ABDUCTED To T.11 P81 AT I1I DEGREES F.

If A UHACILE TO ATFAIN 45 MPH SPEED.

Is ALL UKAMLE TO CLiME A 14-INCH WALL IN mevume. (CCs~iuMcNaT COT KNOWNS).

14.15.14i ALL RATINGSC iHUALIDATEC. mEPORT CTAT66 8 TEST CATA... DOES NOT FULLY NEPRECENT THU ANTICIPATED ECTICOSIMENTAL PEMF*SMANCE
0F THE M113 EARNmIN. '

I? P WHEN ENTUAPOLATESO TO In Du6mE .S Fp TRANSCMISION OIL TEMPERATUREu WOULDB CLIGNTLY uEED.I.LOWALEX S8 DEONES8 P).

Is 01p -ALTHDUCH ALL OOMPEUT O SSTCATCL CAl ASuTTMEAOEO EReSFETADAiHT i SRC
iNDiCATES TPOCCICLx OVERHEATING o, aeIIIH m SirFFEcETIAL OILB. RATiS INGiOU Fuevo"LL Lem @ooLliU ToCTs DID NOT

20 0 MANIMU M OCTANE mESUiRuMENT WAN No VESAMIG60 AT -MUt RPM. THE MiniMmu n iCCUENT WAS a niCEBEAomoi) AT am aPm.

22 l. N A NOTiCEABLE MINDING OP THE LEFT STE90 LATEmAL MUD THE HORiIONTAL MUD VESTIGAL SEAT bleVEMENlT WAB DUCENVES AT TIS
coMPLETiON oF DUCT OPECATiON.

22 N TIlE PiVOT STEEN 1144088 SECAME KELP-APPLiES SEVESAS. TIME SUwiNS PULL LaMB TweSIlft. TKEMIATIOsE imosmaftu WABl eiVE
AS THRE GAMES.

22 06 P ENYWAP.A?6AIol or NATINS S, -N.

23 A ViGNATiOli FAkWG*ES CU PAWSf CiUFIAGE6. 9N8LMSES WinRe: ClW O GPUiT TRAIN 6NNUCUTG-HUL.L WELS. LEFT FROUT oUMPEM
SePw im ConeiU w~.
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APPENDIX E

STATION TEMPERATURE CALCULATIONS
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APPENDIX F

DISPOSITION FORM, EXPLANATION AND AUTHORIZATION
FOR THE PROJECT, OFFICE OF THE CHIEF,

RESEARCH & DEVELOPMENT,
DEPARTMENT OF THE ARMY
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SUBJECT. Compilation of Map Overlays Showing Performance of Selected
ORD Equipment Items Previously Listed at Environmental Test
Test Stations

TO: Chief of Ordnance FROM: C/R&D DATE: 6 April 61 COMMENT No. 1

1. Since 1950 the Ordnance Corps has continuously recorded the
results of its environmental test program using the ENVANAL techniques
proposed by the Army Committee on Environment (ACE). It is anticipated
that an Army-wide system for predicting equipment and materiel perform-
ance in the several military-geographic world regions will be adopted. The
present testing procedures have never provided a means of making a cross-
correlation of the results of equipment performance undergoing environ-
mental test with environmental data collected, evaluated and synthesized by
ACSI on a world-wide basis In order to obviate this shortcoming OCRD,
with ACSI's concurrence, assigned the Chief of Engineers and the Quarter-

master Corps several projecLs which are designed to develop a "bridging
system" which could be used in relating the results of the Technical
Services end item environmental test to actual world-wide military-
geographic regions delineated by ACSI.

2 Under the above assignment of responsibilities, the Corps of
Engineers was directed to assume responsibility for preparation of terrain
analogs, showing the physiography, soil, drainage, and vegetation condi-
tions as they exist at Yuma and comparing these individual environmental
factors, as well as the complex of environmental characteristics, as they
would be found in the other hot arid regions of the world. The Quarter-
master Corps was assigned responsibility for the production of analog
studies of the Yuma climatic conditions with these climatic conditions
found in other hot arid regions of the world. Similar studies are being
prepared bN the Ct,rps of Engineers and the Quartermaster Corps for
Ft Sherman 'humid tropics), Fort Greely (cold-wet), Fort Churchill (Arctic),
and Tuto. Camp Centur,; (Polar)

3 It is assumed that if an end item gave satisfactory perform-
ance during all seasons ot the year, in any or all environmental complexes
found at one or more of the test sites listed in paragraph 2 above, satis-
factory performance in comparable world military geographic regions
could be predicted with assurance

4 Since Ordnance Corps has been the leader in the utilization
of the ENVANAL techniques for evaluating environmental test results, it
is requested that Vou provide this office with a series of map overlays of
Yuma and other envir,)nmental test stations for which data are available
to show the perftormante rating of a few selected, environmentally sensi-
tive Ordna ne- itenms essential to combat which have reasonably complete
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test histories. The format envisioned would be simply a tracing paper
overlay covering the test station area represented by the testing condition
rated in the test history. The portion of the station map representing an
appreciable change in environmental conditions, but in which no tests were
actually made, willbe left blank indicating uncertainty. The zone or sub-
zones vr'lich are applicable will be assigned an appropriate number or
symbol to indicate the rated performance of the item.

BY DIRECTION OF THE CHIEF OF RESEARCH AND DEVELOPMENT:

s/

WILLIAM W. BEVERLEY

Colonel, GS
Asat Dir of Army Research
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